
GENWAI:
RESOURCES, INC.

P O Box 1077,Pnc€. Utah 84501 794 North "C" Canyon Rd, EastCarbon, Utah 84520
Telephone (435) 888-4000 Fax (435) 888-4002

March 30,2010Daron Haddock
Permit Supervisor
Utah Division of Oil, Gas and Mining
P.O. Box 145801
1594 West North Temple, Suite 1210
Salt Lake City, Utah 84114-5801

Re: Crandall Canyon Mines, Cl0l5l032
2009 Annual Report

Dear Mr. Haddock:

Enclosed are two copies of the 2009 annual report.

If you have any questions or comments regarding this submittal please contact me at 435 888-
4017.

David Shaver
Resident Agent

APR 0 5 20f0



APPLICATION FOR PERMIT PROCESSING
Permit Change tr New Permit tr Renewal tr Transfer o Exploration o ll Bond Release tr Permit Number: 0151032

torr,ooo."t 20Og annual report Mine: Crandall Canvon Mines

Permittee: GENWAL Resources, Inc.

Description, include reason for application and timing required to implement:.

|nstructions:fyouansweryestoanyofthefirst8gUes'lo's(gray),submittheapplicationtothesattLakeoffice,othenvise,youmaysubmitittoyoUrectam

o Yes a N o 1. Change in the size of !!re Permit Area? acres Disturbed Area? acres Er increase o decrease.
o Yes o N o 2. ls the application submitted as a result of a Division Order?

o Yes s N o 3' Does application include operations outside a previously identified Cumulative Hydrologic lmpact Area?

o Yes o N o 4' Does application include operations in hydrologic basins other than as currently approved?

o Yes o N o 5. Does application result from cancellation. reduction or increase of insurance or reclamation bond?

tr Yeg o N o 6. Does the application require or include public notice/publication?

o Yes o N o 7' Does the application require or include ownership, control, right-of-entry, or compliance information?

o Yes o N o 8. ls proposed activity within 100 feet of a public road or cemetery or 300 feet of an occupied dwelling?

s Yes o N o 9. ls the application submitted as a result of a Violation?

tr Yes o N o 10. ls the application submitted as a result of other laws or regulations or policies? Explain:

^3ps o N o 11. Does the application affect the surface landowner or change the post mining land use?

I. o N o 12. Does the application require or include underground design or mine sequence and timing?

n Yes o N o 13. Does the application require or include collection and reporting of any baseline information?

o Yes o N o 14. Could the application have any effect on wildlife or vegetation outside the current disturbed area?

o Yes t r N o 15. Does application require or include soil removal, storage or placement?

o Yes o N o 16. Does the application require or include vegetation monitoring, removal or revegetation activities?

o Yes t r N o 17. Does the application require or include construction, modification, or removal of surface facilities?

o Yes o N o 18. Does the application require or include water monitoring, sediment or drainage control measures?

o Yes t r N o 19. Does the application require or include certified designs, maps, or calculations?

o Yes o N o 20. Does the application require or include subsidence control or monitoring?

o Yes u N o 21 . Have reclamation costs for bonding been provided for?

o Yes o N o 22. Does application involve a perennial stream, a stream buffer zone or discharges to a stream?

trl Yes t r N o 23. Does the application affect permits issued by other agencies or permits issued to other entities?

o Attach _3_ complete copie.s of thd applicati-on. 7

I hereby certify that
application is true and
reference to commitm€

- 9 d a n d s o m t o b e f o

V uD

/
My\Commission E 4dires:
Att6l: _97ATE OF

and that the information contained in this
elief in all respects with the laws of Utah in'nr(R645-3o1-123)

IA
'30

Received by Oil, Gas & Mining
: , ' ; ^ " ' -,  i  : . .  . . " J

APR 0 5 20t0
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My Conlrbdon F4lrr
M.rdt,20tg

State of Llteh

I
I
I ASSIGNED TRACKING NUMBER
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F #

Application for
Detailed Schedule

Permit Processing
of Chanqes to the MRP

*t;ffi;:,"- Permit Number: 0151032

Mine: CRANDALL CANYON MINESA

PErMitteE: GENWAL RESOURCES

Provide a detailed listing of all changes to the mining and reclamation plan which will be required as a result of this proposed
permit application. Individually list all maps and drawings which are to be added, replaced, or removed from the plan.
Include changes of the table of contents, section of the plan, pages, or other information as needed to specifically locate,
identify and revise the existing mining and reclamation plan. Include paqe, section and drawinq numbers as part of the description.

DESCRIPTION OF MAP. TEXT. OR MATERIALS TO BE CHANGED

D ADD tr REPLACE tr REMOVE

tr ADD D REPLACE tr REMOVE

tr ADD D REPLACE tr REMOVE

tr ADD tr REPLACE tr REMOVE

tr ADD D REPLACE D REMOVE

tr ADD tr REPLACE D REMOVE

tr ADD tr REPLACE D REMOVE

D ADD tr REPLACE tr REMOVE

tr ADD tr REPLACE tr REMOVE

.RADD tr REPLACE tr REMOVE

loo tr REPLACE tr REMOVE

tr ADD tr REPLACE D REMOVE

tr ADD D REPLACE tr REMOVE

D ADD D REPLACE O REMOVE

tr ADD O REPLACE tr REMOVE

tr ADD tr REPLACE A REMOVE

D ADD tr REPLACE tr REMOVE

O ADD tr REPI.ACE tr REMOVE

tr ADD tr REPI-ACE tr REMOVE

tr ADD D REPI.ACE D REMOVE

tr ADD D REPLACE D REMOVE

tr ADD D REPLACE D REMOVE

D ADD tr REPLACE tr REMOVE

Any other specific or special instructions required for insertion of this proposal into the Mining and Reclamation Plan?

i  
' -  - "".:: ]

APR 0 5 20f0
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ANNUAL REPORT Page I

This Annual Report shows information the Division has for your mine. Please review the infonnation to see if it
is current. Ifthe information needs to be updated please do so in this document. At the end of each section the operator is
asked to verifu if the inforrnation is correct. Please answer these questions and make all comments on this d.ocument.
Submit the completed document and any additional information identified in the Appendices to the Division by April 30,
2010. During a complete inspection an inspector will check and veriff the information To enter text, click in the-cell and
tJPe your response. You can use the tab key to move from one field to the next. To enter an X in a box, click next to tle
box, right clic\ and select properties, then tle checked circle, then hit enter. or hit the unchecked circle if the X is to be
removed.

GENERAL INFORMATION

Genwal Resources, Inc.
Crandall Canyon

May 13, 2013
c/0t5t0032

Permittee Name
Mine Name
Operator Name

(If other then permittee)
Permit Expiration Date
Permit Number
Authorized Repres entative Title
Phone Number
Fax Number

],'n 
eoar.r.

Ll es r gnated Repres entative
Resident Agent
Resident Agent Mailing Address
Number of Binders Submitted

Dave Shaver, Resident Agent
(435) 888-4017
(43s) 888-4002
dsha rreri.4co al scr:rce. corn
P.O. Box 910, East Carbon, Utah 84520-0910
Dave Shaver
Dave Shaver
Same as above.

Operator, please update any incorrect information.

IDENTIFICATION OF OTHER PERMITS

Identify other permits that are required in conjunction with mining and reclamation activities.

II) Number iration Date
MSHA Mine ID(s) 42-017 t5 Crandall Canvon Mine

South Crandall Mine

MSHA Impoundment(s)

NPDESruPDES Permit(s) uT0024368 LIPDES Permit 1113012010

PSD Permit(s) (Air) DAQE-NA225003-03

^
I

Operator, please update any incorrect information.



ANNUAL REPORT Page 2

CERTIFIED REPORTS

List the certified inspection reports as required by the rules and under the approved plan that must be
periodically submitted to the Division. Specify whether the information is included as Appendix A to this
rq)ort or currently on file with the Division.

Certified Reports: Required
Yes No

Included
Included

DOGM file location
Vol. Chaoter. P

\

0 wtr

Operator Comments:

Inspector:
Has the operator complied with this section? yes I
Inspector Comments:

COMMITMENTS AND CONDITIONS

Non

The Permittee is responsible for ensuring arurual technical commitments in the MRP and conditions
accepted with the permit are completed throughout the year. The Division has identified these commiknents
below and has provided space for you to report what you have done during the past year for each commitrnent.
If the particular section is blank, no commitment has been identified and no responsl is required for this report.
If additional written response is required, it should be filed under Appendix B to this report.

o ef- Ya
Excess Spoil Piles

Refuse Piles

Impoundments v
S"Jru{r^*+ l\..[ car{\F. c**r

Other

tJ T T

Admin R645-301-100

Soils R645-30l-200

Bioloey R645-301 -300



Ie ANNUAL REIORT Page 3
Ile: Macroinvertebrate Sampling

Obiective: To monitor changes in the macroinvertebrates and stream
disturbances .
Frequency: Annually in the spring and fall beginning fall 2oog
Status: Ongoing
Reports: Annual Report
Citation: Volume A Text, Chapter 3, pg. 3-17

Opegpr: Has this commitment been acted on this year?
Yes V No I Not required this year. I f yls, comment;
Operator Comments:

iZ.Po'{ tS t*t \*J"A
fnspector:
Has the operator complied with this commitment? yes n No I
Inspector Comments:

impacts in Crandall Creek from mining related

-
Ve: Raptor Survoys
objective: To monitor raptor activity and nesting within and adjacent to the permit area.
Frequency: Every Three years, or annually if a jUDWR recommends it, b.)ii will not unduly harass raptors, and c.)if it is
prudent to insure raptor safety and/ or habitat.
Status: Ongoing
Reports: In annual report
Gitation: Volume A Text, Chapter 3, page 3-17

Operator: Has this commitment been acted on !!is year?
Yes I No t] Not required this year. Crcyls, comment;
Operator Comments:

M r*e- ,{ \ {.J, s i-,,.c+ Zo o 6 I
fnspector:
Has the operator complied with this commitment? yes I No
Inspector Comments:

rap{01,^-** 
;; g'o-*f 

l*+*o

T

I-arrd use, Cultural Resources, Air euality R645-301- 400

tn."ring R645-30 1 -s00



ANNUAL REPORT Page 4

Title: SUBSIDENCE MONITORING
Objective: Determine subsidence effects.
Frequency: Annually.
Status: On going.
Reports: Submit surveyed monitoring data to Division by June 30, annually.
Citation: MRP.

operator: Has this commitment been acted on this year?
Yes V No n Not required this year. I If yls, comment;
Operator Comments:

g.^t"g,J tr . r .ct  r . , .€ lFvr l* t .  r*  Fro u rA* I
Inspector: 

I

Has the operator complied with this commitment? yes I No I
Inspector Comments:

Geolosy R645-301-600



ruANNUALREPORT Page 5

Hydrology R645-301-700

Title: Water Monitoring: North portal Sandstone Seepage
Objective: Obtain monthly flow measurements from the sandstone seepage located direcfly below the north portals.

Frequency: The Permiftee will submit the flow data to the Division via e-mail once a month until such time as the
final reclamation plan is approved and the Division determines that the moniloring is no longer necessary.

Status: Ongoing
Reports: Monthly e-mails to the Division. Not included in Annual Reoort.
Citation: Page 7 of Appendix 7-6b.

_operatg: Has this commitment been acted on this year?
Yes V No X Not required thip year. X If yls, commpnt.
OperatorComments: Sarf f lo"l 

-,t-i;t:\-ru

Inspector:
a- L**-*

n
",*-rJsr-orr-J*.(  hf' (* o.^*L,r-1

Has the operator complied with this commitment? yes f
Inspector Comments:

No

Iille: Additional Ground lriline Water Discharge Samples

lctive: Determine the effectiveness of the Malestrom Oxidizer Unit in treating the total iron concentrations in the
inTle-water discharge.
Frequency: Permittee will collect additional water quality samples pre- and post-treatment by the Maelstrom Oxidizer
Unit. Additional samples include: lron (total, dissolved ind fenous), Manganese (total and dissolved), Aluminum (total
and dissolved), Alkalinity, Sulfate, pH and Dissolved Oxygen.
Status: Ongoing
Citation: Page 8 ofAppendix 7-65.
Operator: Has this s6rnrnitment been acted on this year?
ves Ef No I Notlequ{"qil;;:Xl?iiil"--"r,, t _ ^, - 

|
op""ii,'.c"-#",,i'"['ffi,*,o. -r ]et--t-<. -.t,*+ -=^*f ].n ",:JIt::^ ji'
Inspector: ' 

S.^Ov l"I .rV laq 
- e.,"^a'l

Has the operator complied with this commitment? yes ! No n t ( 911O*TLln\Inspector Comnents: y

I
I

I

Bonding & Insurance R645-301-800

Other Commitments

I
nder:ltgminder: Il equipment has been abandoned during 2009, an amendment m@

showing its location, a description ofwhat was abandoned, whether there were any hazardous or toxic materials and anv
revision to the PHC as necessarv.



ANNUAL REPORT Page 6
RTING OF OTHER TECIINICAL DATA

List other technical data and infomtation as required under the approved plan, which must be
periodically submitted to the Division. Speciff whether the information is included as Appendix B to this
report or currenfly on file with the Division.

Operator Comments:

Inspector:
Has the operator complied with this section? yes I No I
Inspector Comments:

LEGAL, F'INANCIAL, COMPLIANCE AND RELATED INFORMATION

Change in administration or corporate structure can often bring about necessary changes to information
found in the mining and reclamation plan. The Division is Requesting that each permittee rwiew and update
9" l"gul' financial, compliance and related information in the plan as part ofthe annual report. Please piovide
the Department of Commerce, Annual Report of Officers, ot other 

"quirrul*t 
information as necessary ro

gnsyre that $e information provided in the plan is current. Provide any other change as necessary regarding
]15! ownership'_lease acquisitions, legal results from appeals ofviolations, o. o11s1'ehanges as nec€ssary to
Ite information required in the mining and reclamition plan. Include certified financial statements, audits or
Wrksheets, which may be required to meet bonding requirernents. Specifi whether the information is currantly
on file with the Division or included as Appendix C to the report.

Legal / Financial Update Required
Yes No

Included or DOGM File location
Included Vol, Chapter, Page

Department of Commerce,
Annual Report Officers

l tY T
Other

T r l

l T I

LJ T L]

Operator Comments:

Inspector:
Has the operator complied with this section? yes I
hector Comments:

v

MAPS

NoI



ANNUAL REPORT Page 7
7 

. Copies ofmine maps, cunent and up+o
Division as Appendix D to this report in accordance with the requirements ofR 645-301-525.240. ihe map copies shalt
be made in accordance with 30 CFR 75.1200 as required by MSHA. Mine maps are not considered confidintial. lPleaseprovide a CD.)

Confidential information is limitedto:

- R645-3oo-r24.31o. Information that pertaius only to the analysis ofthe chemical and physical properties ofthe coal to be
mined, except iDformation on componentJ of such coal which are potentially toxic in the eriviionment. 

'

R645-3oo-124.33o. Information on the nature and location of archeological resources on public land and Indian land as
required under the Archeological Resources protection Act of 1979 (p. L 96--95, 93 Stat .72t, t6 V,S.C. 47oJ-

R645-3o1-322, Fish and Wildlife InformatioD; R645-3o1-32z.roo, ttre scope and level of detail for such information will be
determined by the Division in consultation with state an-d-feaiat agencies witti responsibilities for fish and wildlife and will be
sufficient to design the protection and enhancement plan required 

-uniler 
R645-3or-333 ancl R645-3or-3zz.z3o, other species or

babitats identified through agency consultatiou as requiring special protection undeiitite or teOera taw; R645-3or-333.3oo,
lndude protectlve measures tbat will be used during the active mining phase of operation.

The Division will provide procedures, including notice and oppofiunityto be heard for persons both seeking and opposing
disclosure-

1} 
Number(s) Map Title/ Description

Annual subsidence map
Mine map
Other maps Confidential

Yes No

!J LJ
tJ

l n
l tr
l tr
l l
l T
l f

Operator Comments:

SobjrJ q^^"q
Inspector:
Has the operator complied with this section?
Inspector Comments:

o
OTH

t.^S{ f\ ir^-c}{ r o * a.^ t* \lll twL t^^P att l\^c.l - J""f

ER INFORMATION

Yes n NoI



ANNUAL REPORT Page 8
'- Please provide any comments of furth". in
9th1 attacfments- are to be provided as Appendix E to this report. If information is submitted as a group rather
then by individual mine, please identify each of the mine's datain the list below.

Additional affachment to this report? Yes n NoI

Operator Comments:

Inspector:
Has the operator complied with this section? yes I
fnspector Comments:

No tl
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O:\AnnualReportV00g Annual Reports\Active Mines\Crandall Canyon Mine C0l50032.doc
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APPENDIX A

Certified Reports

Excess Spoil Piles
Refuse Piles

Impoundments

As required under R645-30l-514

CONTENTS
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APPENDIX B

Reporting of Technical Data

Including monitoring data, reports, maps, and other information
As required under the approved plan or as required by the Division

In accordance with the requirement of R645-310-130 and R645-301-140

CONTENTS
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APPENDIX C

Legal Financial, Compliance and Related fnformation

Annual Report of Officers
As submitted to the Utah Department of Commerce

Other change in ownership and control information
As required under R645-301-110

CONTENTS
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APPBNDIX D

Mine Maps

As required under R645-302-525-27 0

CONTENTS
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APPENDIX E

Other Information

In accordance with the requirements of R645-301 and Pt6454A2

CONTENTS



SEDIMENT POND CERTIFICATION



POND: Sediment Pond LOCATION: Crandall Canvon Mines

GENERAL

(12) comments / Recommendations lPond cleaned December, 200g
No Discharqe.

STATEMENT

I hereby ceftify that; I am experienced in the construction of impoundments; I am qualified
and authorized in the Sfafe of Utah to inspect and certify the condition and appearance of
impoundments in accordance with the certified and approved desrgns for this structure; that the
impoundment has been maintained in accordance with approved design and meets or exceeds
the minimum design requirements under all appticable federal, state and local regutations; and,
that inspections and inspection reports are made by myself and inctude any appearance of
instability, structural weakness or other hazardous conditions of the structure affecting stabitity.

2.2O7
UtahAmerican Energy, Inc.

Crandall Canyon Mines
W Annual Pond Certification Report

SUPPLEMENTAL PON D CERTIFICATION . POST CLEANING

DJn
(̂SignaturQ

1 #r#,

IMPOUNDMENTS

(1) Stabitity S/opes Stable.
(2) StructuralWeakness / Erosion None Noted.
(3) Potential Safety Hazards None Noted.
(4) Depth of lmpounded Water 0' (pond recently cleaned)
(5) Existing Storage Capacity 3.5 ac-ft (100o/o)

(6) Monitoring Process U.P.D.E.S. discharge.
Quarterlv lnspection.

SEDIMENT POAIDS ONLY

(7) Sediment Accu mulation (Elevation) 7763.75 (lowest point)
(8) Sediment Cleanout Level (Elevation) 7769.00',
(9) Principle Spillway (Elevation) 7780.81',
(1 0) Emergency Spillway (Etevation) 7781.81',
(11) Existing Sediment Capacity

(To Cleanout)
0.30 acre-ft based on suruey of 12/16/200:

o
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Cut  (C .  Y .  )  /  A rea  (ac res )  :
F i I 1  (C .  V .  1  /  A rea  (ac res )
Cu t  vo l - ume  z  57  , 629  . 5  C .F .  ,
F i l l  vo l ume :  1 ,  035  .  O  C .F .  ,

7592 .33
:  1 .36 .35
2 , I 34 .43  C .Y .
38 .33  C .Y .

Volume Report F r i  Dec  18  10 :19 :23

Compar ing Gr id :  G:  /Current  Drawings/une Maps/crandal1 canyon/Current / r ina1 Rec1a
and Grid: Gz /CurrenL Drawings /MRp maps/crandal1 canyon/Current /r ina1 Recla

e  co rne r  l oca t i ons :  2095225 .  o7  , 4LL260 .G6  t o  2og53g9 .o i  , 4LL434 .66
Gu  reso lu t i on  Xz  ! ' t 4 ,  y z  L74  Gr i d  ce l - l  s i ze  X :  l - . 00 ,  y :  1 .00
Area  i n  Cu t  :  10 ,  591 .  B  S .F .  ,  O  . 25  Ac res
Area  i n  F i I 1 :  I , 554 .2  S .F . ,  O .04  Ac res
To ta l  i nc l - us i on  a rea :  12 ,24G.0  S .F . ,  O .2B  Ac res
Cu t  t o  F i I ]  r a t i o :  55 .58
Average Cut  Depth:  5 .39 Average Fi I l
Max  Cu t  Dep th :  10 .77  Max  F i l I  Dep th :

D e p t h  z  0  . 6 ' l
L  . 9 9

I

V ,J f uu'r''r*4 /, f fo, -{ ut r (

( 6J'^A 'u-*- 4 ({  ' *  , -* ,u* '*-4 , {  CI '*  {

Ar* & h^ F"* d, o.,f ie * r

C fl-r n, i ' \ '  I .S 
'"n. 'r t '+

( c--.,.^y$*** -' S 
4-','4 r e*T* fr

.i'
I

Page 1 of 1



Vol-ume Report F r i  D e c  1 8  1 1 : 1 4  : 5 3

Compar ing Gr id :  G: /Current  Drawings/Unp Maps/Crandal l  Canyon/Current /F ina l -  Recla
and Gr id:  G: /Current  Drawings/une Maps/Crandal1 Canyon/Current /F ina l  Recla

O  co rne r  l oca t i ons :  2095225 .  O7 ,4L1 -260 .66  t o  2095399 .  07 ,4LL434 .66
G:  r eso lu t i on  Xz  I 74 ,  Y :  L74  Gr i d  ce l - I  s i ze  X :  1 - . 00 ,  Y :  1 .00
Area  i n  Cu t .  :  5 , 02L .9  S .F . ,  0 .L2  Ac res
Area  i n  F i 1 I :  335 .1  S .F . ,  0 .01  Ac res
To ta l  i nc l us i on  a rea :  5 ,357 .0  S .F .  ,  O . ! 2  Ac res
Cu t .  t o  F i l - l  r a t i o :  35 .35
Average  Cu t  Dep th :  2 .61  Ave rage  F i I1  Dep th :  l - . 1 - l -
Max  Cu t  Dep th :  5 .00  Max  F i I l  I
Cu t  (C .V .  )  /  A rea  (ac res )  :  391
F i11  (C .Y .  )  /  A rea  (ac res )  :  1 l
Cu t  vo l "ume :  13 ,  0  96  . 2  C .  F .  ,  48 :
F i l 1  vo lume :  370 .4  C .F .  ,  L3 .72  C .Y .

n . '
t i

I u^,
f | ,! (J'd
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" - ' ' * *@84-
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Crandal l  Mine
Sediment Pond Load Count

Hauled 17loads to holdi

Hauled 14 loads to holdino area

Hauled 17 loads to hold

Hauled 16 loads to hold

Hauled 16 loads to holdi

Hauled 16 loads to hold

Hauled 16 loads to hold

Hauled 12 loads of mud

Hauled 21 loads to holdinq area

Hauled 1B loaded of material
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Olympus Aerial Surveys, Inc.
Job No 209052

Photography Dated October 12,2009
For

UTAH AMERICAN ENERGY
CRANDALL CANYON SUBSIDENCE STUDY

2003t2007 2009
ELEVATION DIFFERENCEPOINT

101
102
103
144
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

NORTHING

407296.622
4081 79.127
408784.976
407874.899
408490.497
407579.859
418626.301
409081.631
409392.750
409675.980
414772.964
411777 .074
415732.602
410302.698
410889.582
409968.624
413586.436
414195.043
413292.485
415061 .373
411501.717
412976.268
413902.429
411181.655
414458.204
410574.465
415393.849
416861.260
412393.829
412688.260
412092.665
416269.565
417167.610
415992.834
417472.573
417785.304
418090.100
407000.991
407297.283
407593.316
408201.675
408499.528
407920.020

8876.39
8892.40
8888.45
8891 .78
8886.68
8887.79
9200.92
8889.69
8892.04
8896.29
9087.43
8947.64
9182.08
8906.97
8921.77
8900.24
9040.25
9064.20
9018.93
9134.73
8936.79
8999.48
9054.14
8928.24
9074.59
8914.50
9159.64
9211.69
8973.96
8987.69
8962.62
9226.64
9211.23
9187.36
9215.66
9258.87
9276.82
8877.38
8898.60
8912.78
8907.95
8908.48
8 9 1 1 . 3 1

-1 .04
-0.97
-0.12
-0.85
-0 .19
2.71
-1.32
-0.59
0.1  1
0.89
0.48
-0.14
-0.04
0.01
0.82
0.42
-1.00
0.49
-0.10
0.23
-0.22
-1.14
-1.79
1 .19
-0.44
0.06
-1.06
-2.30
-0.47
-1.06
-0.69
-22.50
-2.66
-0.24
0.39
-4.74
-7.65
-0.11
-0.21
-1.52
1.92
-0.64
0.42

2009
ELEVATION

8875.35
8891.43
8888.33
8890.93
8886.49
8890.50
9199 .61
8889.1 0
8892.15
8897.18
9087.91
8947.50
9182.04
8906.98
8922.59
8900.66
9039.25
9064.69
9018.83
9134 .96
8936.57
8998.34
9052.35
8929.43
9A74.15
8914.56
9158.58
9209.40
8973.49
8986.63
8961.93
9204.14
9208.57
9187.12
9216.05
9258.1 3
9269.17
8877.27
8898.40
8911.26
8909.87
8907.84
8911.73

POINT

1 0 1
102
1 0 3
104
1 0 5
106
107
1 0 8
1 0 9
110
1 1 1
1 1 2
1 1 3
114
115
116
117
1 1 8
1 1 9
120
121
122
123
124
125
126
127
128
129
1 3 0
131
132
133
134
135
136
137
1 3 8
139
140
141
142
143

EASTING

2075558.238
2075571.465
2075578.997
2075579.333
2075580.1 58
2075584.099
2075586.078
2075589.924
2075591.674
2075596.374
2075602.098
2075602.211
2075602.655
2075603.148
2075604.359
2075605.536
2075608.931
2075610.583
2075611.545
2075611.700
2075613.550
2075614.250
2075615.021
2075615.076
2075617.063
2075620.148
2075620.503
2075623.045
2075623.955
2075627.162
2075627.238
2075634.137
2075636.346
2075637.108
2475663.742
2075677.553
2075734.834
2075857.818
2075861.849
2075869.383
2075879.730
2075880.579
2075883.995

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

144
145
146
147
148
149
150
151
152
153
154
1 5 5
156
157
1 5 8
159
160
161
162
163
164
165
166
167
168
169
170
171
1 7 2
173
174
175
176
1 7 7
178
179
1 8 0
1 8 1
182
183
184
185
186
187
1 8 8
189
1 9 0
1 9 1
192
193

EASTING

2075884.063
2075885.406
2075893.830
2075896.091
2075897.230
2075898.176
2075898.281
2075902.609
2075904.932
2075906.072
2075906.537
2075910.837
2075911.693
2075912.006
2075912.428
2075915.948
2075933.340
2075938.729
2075939,680
2075942.065
2075942.534
2075945.266
2075947.425
2075954.765
2075955.869
2075956.113
2075956.728
2075957.722
2075958.399
2075968.471
2075973.226
2075981.539
2075983.887
2076067.139
2076123.601
2076143.864
2076166.639
2076171.627
2076172.344
2076174.313
2076176.336
2076176.580
2076177.726
2076181.962
2076185.412
2076190.457
2076194.002
2076198.263
2076241.427
2076201.878

NORTHING

408798.754
409081.868
409396.582
410302.768
409710.735
412098.850
410002.259
410607.540
412441.995
410887.885
411800 .967
418399.827
411495 .359
413905.206
411193.224
413323.991
413606.072
414507.997
414222.310
415713.505
413029.330
414807.484
415134.430
412717 .969
417208.168
417810.485
416910.527
415984.402
418668.301
417509.313
416323.895
415451.954
416621.690
418133.417
44rc01.758
406996.867
409403.072
408780.167
407544.094
409683.486
408177 .474
408478.A25
407868.1 95
410281.182
412091.495
411783.9A4
409075.426
410570.224
409990.000
410885.555

8907.68
8905.47
8907.28
8922.96
8909.23
8977.59
8916.45
8930.50
8992.88
8933.91
8963.81
9247.97
8949.50
9072.85
8938.56
9032.79
9053.21
9100.73
9089.24
9152.47
9019.81
9108.55
9121.01
9008.47
9195.05
9206.92
9185.21
9161.26
9254.23
92A1.39
9171 .02
9137.06
9176.89
9219.17
8917 .16
8898.33
8922.70
8933.11
8940.15
8926.20
8934.57
8935.02
8939.45
8942.41
8994.20
8980.12
8929.39
8951.54
8937.67
8953.53

2009
ELEVATION

8906.85
8905.86
8906.94
8924.11
8 9 1 0 . 1 1
8978 .15
8915 .95
8930.58
8992.20
8934.92
8963.83
9247.90
8949.62
9071 .43
8938.40
9032.67
9053.21
9100.34
9088.60
9151.21
9020.09
9 1 0 8 . 7 1
9120.66
9008.84
9192.94
9244.43
91  83 .1  8
9160.06
9253.96
9198.85
9169.66
9136.06
9175 .38
9216.23
8916.32
8897.29
8922.85
8932.99
8939.92
8926.1 0
8935.08
8934.05
8939.07
8943.22
8993.44
8979.70
8930.98
8951 .96
8938.22
8953.17

POINT

144
145
146
147
148
149
150
151
152
153
154
1 5 5
156
157
158
159
160
161
162
1 6 3
164
165
166
167
168

170
171
172
173
174
175
176
177
178
179
180
1 8 1
182
1 8 3
184
1 8 5
186
187
1 8 8
189
190
191
192
1 9 3

2003t2a07 2ao9
ELEVATION DIFFERENCE

-0.83
0.39
-0.34
1 .15
0.88
0.56
-0.50
0.08
-0.68
1 .01
0.02
-0.07
0 .12
-1.42
-0.16
-0.12
0.00
-0.39
-0.65
-1.26
0.28
0 .16
-0.35
0.37
-2.12
-2.49
-2.03
-1.20
-0.27
-2.54
-1 .37
-1.00
-1 .51
-2.94
-0.84
-1.04
0 .15
-0.12
-0.23
-0 .10
0.51
-0.97
-0.38
0.81
-0.76
-0.42
1 .59
0.42
0.55
-0.36

NorE: All (0) zero elevations and study year are in obscure areas,
Page 2 ot 4O



POINT

194
195
196
197
198
199
200
201
202
243
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243

NORTHING

413244.617
411490.288
412448.A66
411186.757
413551 .360
4127A5.758
414462.602
414188.758
412970.285
414780.117
413882.576
416232.280
416577.279
415078.387
417146.065
417442.718
416855.517
415677.187
4 1 8 6 5 1 . 1  1 5
417768.5A1
415927.983
415352.524
418064.967
418386.545
407329.270
407602.300
407901.090
408194.773
408825.347
408480.438
409103.248
410030.646
41031 9.213
40976A.219
410594.890
409412.088
411202.998
411805.286
412088.479
410908.687
411500.781
412410.506
412721.677
413306.264
413611.807
413015.348
414219.807
413921 .331
414498.907
416316.603

9040.41
8968.24
9012.06
8957.52
9061.49
9022.65
9117.75
9 1 1 0 . 1 5
9031.86
9124.09
9085.82
9187.4A
9199.99
9136.00
9213.97
9221.15
9207.89
9167.00
9281.93
9223.26
9175.92
9150.23
9222.04
9232.09
8950.1 7
8969.39
8966.96
8962.57
8960.76
8963.90
8951.63
8968.69
8978.34
8954.69
8984.15
8945.83
8984.68
90a7.54
9023.98
8984.68
8991.59
9042.98
9050.56
9063.76
9082.48
9055.08
9139.30
9107.87
9151.12
9222.55

2009
ELEVATION

9040.57
8967.97
9 0 1 1 . 3 6
8956.80
9060.64
9022.27
9 1 1 6 . 8 0
9108.29
9031.46
9124.32
9086.40
9186.38
9198.92
9135.86
9212.52
9220.65
9205.78
9165.61
9280.34
9222.45
9175.06
9149 .81
9221.19
9229.67
8951.40
8969.38
8966.86
8962.92
8962.15
8964.54
8953.22
8970.1 1
8979.53
8954.71
8985.13
8946.98
8984.74
9008.70
9026.71
8986.75
8995.24
9039.63
9050.67
9064.84
9081 .31
9055.51
9139 .81
9108 .51
9 1 5 1 . 8 5
9221.74

POINT

194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243

2003t2007 2009
ELEVATION DIFFERENCEEASTING

20762A4.946
2076205.167
2076205.965
2076206.827
2076226.082
2076228.595
2076229.897
2076235.431
2076236.310
2076237.532
2076238.604
2076247.454
2076249.132
2076252.094
2076252.842
2076252.914
2076253.992
2076257.427
2076259.402
2076260.496
2076260.998
2076263.282
2076272.A90
2076282j60
2076463.615
2076470.88A
2076474.709
2076480.924
2076482.280
2076482.719
2076483.271
2076489.002
2076494.160
2076495.764
2076498.271
2076500.874
2076506.936
2076509.185
2076509.593
2076513.539
2076517.462
2076520.030
2076529.695
2076535.592
2076536.725
2076538.137
2076542.870
2076544.257
2076545.436
2076546.203

0 . 1 6
-0.27
-0.70
-0.72
-0.85
-0.38
-0.95
-1 .86
-0.40

0.23
0.58
-1 .02
-1 .07
-0.14
-1.45
-0.50
- 2 . 1 1
- 1 . 3 9
-1 .59
-0.81
-0.86
-0.43
-0.85
-2.43

1 . 2 3
-0.01
- 0 . 1 0

0.35
1 . 3 9
0.64
1 . 5 9
1 .42
1  . 1 9
0.02
0.98
1 . 1 5
0.06
1 . 1 6
2.73
2.07
3.65
-3.35

0 . 1 1
1 . 0 8
- 1 . 1 7

0.43
0 .51
0.64
0.73
-0.81

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
294
291
292
293

EASTING

2076548.572
2076549.921
2076551 .1 83
2076552.515
2076558.852
2076561.909
2476562.963
2076565.805
2076566.314
2076573.688
2076573.869
2476576.768
2076593.689
2076765.871
2076771 .863
2076773.378
2076775.162
2076775.449
2076776.200
2076777.777
2076781.101
2076781.233
2076781.441
2076785.696
2076791.695
2076792.809
2076795.633
2076798.479
2076799.839
2076800.273
2076803.418
2076806.850
2076809.1 08
2076821.416
2076834.173
2076837.820
2076839.313
2076840.829
2076841.418
2076842.537
2076844.513
2076852.418
2076853.449
2076854.166
2076854.226
2076858.943
2076864.493
2076865.160
2076865.909
2076866.518

NORTHING

416010.171
406994.200
416619.617
416931.417
415721.939
414800.217
415424.214
417207.541
418682.255
417513.288
417827.190
415103.258
418139.566
412407.014
410863.171
407893.498
407285.345
4081 79.572
407575.592
408473.482
408777.571
409079.505
406992.169
409364.225
409666.324
412095.926
409976.226
410273.776
410577.745
412651.421
411174.1A5
411481.645
411774.505
412967.083
413256.739
414473.521
413569.478
414182.792
413881.868
414758.913
415085.053
415394.268
415679.77 4
416880.661
417147.026
416576.961
418678.780
418360.328
416254.004
415980.209

2003t2007
ELEVATION

9211.27
8930.45
9229.39
9238.56
9199.27
9161 .34
9177.35
9247.81
9250.13
9256.76
9252.83
9163.50
9255.20
9070.63

0.00
9009.75
8985.03
8992.26
9006.34
8999.88
9001.91
8986.27
8964.30
8973.20
8981.89
9061.94
8997.35
9015.96
9031.46
9082.28

0.00
9017.77
9038.02
9078.82
9090.52
9185.42
9109.60
9154.23
9128.14
9192.64
9192.52
9201.34
9224.32
9272.51
9282.78
9271.33
9287.13
9284.68
9266.26
9247.85

2009
DIFFERENCE

0.20
0.00
-1.29
-1.65
-3.61
-1.28
-0.01
-1.96
-0.85
-1 .22
-1.53
-0.69
-2.39
0.53
0.00
-0.99
-0.71
0 .17
-0.48
0.86
0.72
0.21
0.81
0.72
1 .51
0.65
1 .08
0.73
0.51
0.68
0.00
4 .16
0.93
0.41
0.49
-4.09
-1 .61
-1.04
-2.77
-2.45
-0.42
-1 .53
-1 .31
-2.07
-1.11
-1.24
-0.87
-0.91
-1.35
-1 .33

2009
ELEVATION

9211.47
8930.45
9228.10
9236.91
9195.66
9160.06
9177.34
9245.85
9249.28
9255.54
9251 .30
9162.81
9252.81
9071.16
9031.75
9008.76
8984.32
8992.43
9005.86
9000.74
9002.63
8986.48
8965 .11
8973.92
8983.40
9062.59
8998.43
9016.69
9031.97
9082.96
9020.89
9021.93
9038.95
9079.23
9091 .01
9 1 8 1 . 3 3
9107.99
9 1 5 3 . 1 9
9125.38
91  90 .1  9
9192.11
9199 .81
9223.01
9270.44
9281.67
9270.09
9286.26
9283.78
9264.91
9246.52

POINT

244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343

NORTHING

417769.7 59
417463.849
418066.460
407582.190
407898.206
408205j26
406998.004
408795.259
408502.932
409110.490
407302.913
409697.869
409395.856
410568.705
409991.461
410893.804
410296.037
413616.441
411488.520
411791.953
412069.697
411187.475
412718.694
413312.806
412445.617
413009.395
414778.248
418675.217
413921.949
414490.603
416050.491
418104.603
416310.230
416617.820
415115.610
417495.828
417851.766
415737.397
418398 .411
415408.855
416914.972
417227.008
414208.077
408584.183
409427.893
412440.405
407304.A93
408191 .709
407936.184
407034.029

9294.94
9294.18
9290.68
9049.93
9049.77
9038.1 1
9053.28
9049.73
9048.89
9025.30
9045.86
9039.97
9039.08
9090.47
9051.71
9068.86
9064.34
9149.54
9064.07
9077.10
9103.01
9073.77
9120.38
9133.89
9131 .19
9115 .64
9241.11
9326.15
9166.32
9220.28
9284.30
9337.27
9312.20
9322.82
9236.64
9339.49
9336.43
9262.09
9328.98
9232.59
9321.75
9331.50
9198.46
9118 .50
9123.69
9181.64
9212.03
9231.11
9202.25
9236.93

2009
ELEVATION

9291.92
9292.79
9288.49
9052.18
9050.09
9039.42
9050.29
9048.61
9048.33
9025.30
9049.66
9039.58
9039.30
9088.72
9051.20
9070.87
9065.68
9148.98
9066.07
9077.28
9144i1
9075.47
9121.87
9132.77
9130.36
9116 .60
9238.15
9326.19
9165.64
9218.73
9284.57
9336.41
9310.83
9320.94
9236.27
9337.10
9335.49
9260.60
9326.83
9230.95
9319.41
9330.87
9197.36
9113 .45
9122.11
9183.67
9208.88
9221.44
9203.39
9243.31

POINT

294
295
296
297
298
299
300
301
302
303
344
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2076868.848
2076869.605
2076875.548
2077070.936
2077A72.484
2077075.424
2077082.042
2077082.369
2077084.788
2077086.185
2A77087.389
2077094.475
2077096.245
2077A99.747
2077103.405
2077104.545
2077105.1 04
2077110.506
2077111 .236
2A77111.711
2077112.676
2077113.972
2077115.636
2077116.398
2077118.535
2077125.387
2077135.638
2077141.396
2077',144.969
2077145.358
2077148.953
2077149.057
2077149.713
2077151.862
2077153.409
2077154.311
2077158.281
2077161.746
2077162.608
2A77164.7A1
2077165.219
2077174.046
2077181.606
2077327.144
2077341.919
2077369.243
2077372.040
2077375.260
2077377.800
2077378.502

-3.02
-1.39
-2 .19
2.25
0.32
1 .31
-2.99
-1 .12
-0.56
-0.01
3.80
-0.39
0.22
-1 .75
-0.51
2.01
1 .34
-0.56
2.00
0 .18
1 .10
1 .70
1.49
-1 .12
-0.83
0.96
-2.96
0.04
-0.68
-1 .55
0.27
-0.86
-1.37
-1.89
-0.37
-2.39
-0.94
-1.49
-2 .15
-1.64
-2.35
-0.63
-1  . 10
-5.05
-1.58
2.03
-3.16
-9.67
1 .14
6.38

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
384
385
386
387
388
389
390
391
392
393
394

NORTHING

413587.030
409983.859
412645.274
409679.669
411496.044
411205.346
412950.462
410882.927
410221.835
415651  .618
413278.777
407548.934
410542.455
415030.801
415362.935
414470.169
416858.967
414154.724
414723.692
418A82.652
417772.752
413924.580
417178.339
408830.537
411773.423
416550.490
412095.887
415970.215
417 472.218
418342.719
418649.456
416249.283
409078.793
416811.723
407389.895
417753.204
408527.324
417044.337
412398.030
409419.764
408239.791
413860.681
417429.568
409715.921
410325.622
410015.663
412131.521
4136n.A72
407928.653
418152.914

9208.46
9134.71
9172.70
9140.26
9152.86
9155.77
9185.55
9153.38
9146.48
9332.15
9199.36
9190.99
9154.74
9277.00
9314.11
9256.17
9368.46
9238.09
9287.51
9390.74
9389.25

0.00
9378.32
9223.80
9178.68
9377.44
9179.68
9352.21
9388.52
9389.59
9388.60

0.00
9251.42
9420.82
9348.26
9443.98

0.00
9453.80
9240.19
9352.05
9388.73
9389.09
9486.07
9340.91
9359.75
9340.43
9356.95
9390.62
9315.77

0.00

2009
ELEVATION

9213.70
9135 .95
9172.99
9140.42
9 1 5 3 . 1 1
9154.49
9185 .61
9154.24
9143.99
9330.16
9201.35
9 1 9 2 . 1 3
9152.91
9275.56
9314.39
9256.86
9367.44
9241.49
9282.29
9389.96
9388.32
9236.96
9376.62
9220.58
9 1 8 1 . 0 3
9378.89
9 1 8 1 . 6 1
9349.16
9390.02
9391.86
9387.71
9356.83
9254.34
9421.79
9348.12
9443.31
9280.97
9450.54
9248.11
9352.90
9388.79
9389.58
9448.84
9340.17
9361 .57
9341.29
9357.18
9389.98
9315.66
9462.44

POINT.

344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
384
385
386
387
388
389
390
391
392
393
394

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2077380.015
2077394.763
2077395.978
2077397.366
2077399.707
2077402.652
2077402.965
2077405.646
2077405.827
2077406.135
2077407.691
2077409.167
2077410.252
2077413.404
2077421.588
2077424.785
2077426.097
2077426.868
2077428.813
2077428.858
2077431.268
2477433.431
2077433.603
2077433.749
2077433.974
2077439.776
2077441.113
2077448.081
2077450.4A7
2077459.348
2077467.012
2077473.441
2477486.811
2077617.220
2077653.954
2077655.214
2077662.949
2077667.836
2077677.808
2077705.279
2077706.029
2477707.058
2077713.671
2077714.351
2077722.152
2077722.785
2077722.335
2077723,462
2077723.663
2077726.902

5.25
1 .24
0.29
0 .16
0.25
-1.28
0.06
0.86
-2.49
-1.99
1 .99
1 .14
-1.83
-1.44
0.28
0.69
-1.02
3.40
-5.22
-0.78
-0.94
0.00
-1.70
-3.23
2.35
1.45
1 .93
-3.05
1 .50
2.27
-0.89
0.00
2.92
0.97
-0.14
-0.67
0.00
-3.26
7.92
0.85
0.06
0.49
0.00
-0.74
1 .82
0.86
0.23
-0.64
-0.12
0.00

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
4 1 2
413
414
416
4 1 7
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445

EASTING

2077732.966
2077733.047
2077736.450
2077736.578
2077736.685
2477746.821
20777 51 .7 45
2077752.566
2077752.693
2077755.497
2077758.768
2077758.773
2077761.250
2077762.691
2077763.913
2077766.600
2077767.387
2077769.532
2077774.996
2077784.328
2077977.570
2077991.702
2077993.098
2078009.322
2078009.957
2078014.165
2078015.585
2078021.702
2078A22.117
2078027.614
2078030.955
2078032.505
2078034.658
2078038.452
2078042.377
2078043.741
2078045.520
2078054.818
2078055.142
2078057.519
2078059.763
2078063.062
2078065.623
2078083.292
2078093.765
2078110.326
2078111.788
2078121.857
2078133.011
2078247.352

NORTHING

416598.184
413372.927
412772.912
410900.265
411737.335
413109.696
415324.085
415932.907
415632.986
409050.595
4088A4.221
416238.547
411521.427
418677.222
418088.944
418385.690
411199.842
410619.303
4077A9.917
414966.591
417956.009
415647.014
415373.835
416581 .861
411739.624
412604.064
410894.682
411169.941
411423.848
415977.361
407686.494
410611.536
408649.050
409739.749
410247.077
414c15.211
408922.564
413840.001
414117.045
408181.298
409456.376
413527.239
413261.367
412039.022
409201.227
417007.273
415056.226
412942.249
414433.546
417736.019

9478.95
9416.26
9392.31
9373.43
9374.03
9410.24
9538.11
9540.71
9533.45
9388.89
9287.39
9546.56

0.00
9467.25
9476.19
9471.69
9391.99
9288.57

0.00
9438.28

0.00
0.00

9653.41
9558.67
9527.35
9412.59
9502.72
9524.67

0.00
0.00
0.00

9388.00
0.00

9485.93
9492.03

0.00
9409.45
9605.95
9624.98
9502.93
9551.43
9566.96
9594.05
9560.52
9571.71

0.00
9509.25
9596.56

0.00
9672.14

2009
ELEVATION

9479.25
9409.58
9390.52
9372.42
9374.24
9410.12
9536.16
9539.78
9532.47
9390.28
9286.79
9547.77
9389.72
9467.49
9474.65
9472.37
9391.04
9290.05
9210.22
9438.91
9564.72
9651.53
9652.54
9557.50
9529.25
9412.77
9503.19
9525.66
9491 .1  I
9677.71
9257.74
9391 .73
9309 .12
9484.94
9542.45
9495.39
9409.47
9604.85
9621.24
9503.05
9552.02
9566.46
9593.07
9561.26
9564.81
9679.84
9 5 1 1 . 0 6
9596.23
9627.51
9671.56

2003t2007 2009
ELEVATION DIFFERENCE

0.30
-6.68
-1.79
-1 .01
0.21
-0 .13
-1 .95
-0.93
-0.98
1 .39
-0.60
1 .21
0.00
0.24
-1.54
0.68
-0.95
1 .48
0.00
0.63
0.00
0.00
-0.87
-1 .17
1 .90
0 .18
0.47
0.99
0.00
0.00
0.00
3.73
0.00
-0.99
10.42
0.00
0.02
-1 .10
-3.78
412
0.59
-0.50
-0.98
0.74
-6.90
0.00
1 .81
-0.33
0.00
-0.58

POINT

395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
416
4 1 7
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497

NORTHING

413864.903
414937.082
408799.342
416532.685
409059.426
410857.308
411137.838
413654.280
410275.851
409395.539
410621.898
417907.170
415701.062
412631.116
408199.568
414154.702
415432.012
409650.144
411709.163
417037.658
407653.147
413347.459
411362.218
413127.991
414029.721
416770.068
416091  .219
417321.463
411906.212
412356.375
413888.700
415075 .189
410291.579
417777.743
408803.055
412976.862
407939.206
409073.205
410885.248
413604.746
410559.020
416548.919
416183.369
415733.365
413353.352
411118.440
416863.261
409903.137
417158.140
409506.035

9701.26
9464.01
9420.07
9615 .91
9554.78
9609.30
9698.83

0.00
9584.64
9664.23
9500.49
9770.90

0.00
9543.59
9577.25
9818.06
9744.31
9663.63
9745.61
9882.24
9384.26
9770.04
9709.92
9775.58
9675.59
9770.86

0.00
0.00

9757.66
9579.76
9853.79
9607.31

0.00
9840.61
9570.71
9760.98
9575.58
9649.18
9712.56
9845.62
9632.29
9749.30
9830.79
9945.82
9849.17
9817.22
9876.30
9805.45
10045.50
9870.68

2009
ELEVATION

9701.94
9463.47
9421.78
9612.27
9554.98
9610.25
9700.67
9727.04
9584.03
9665.42
9500.63
9775.31
9837.85
9543.38
9578.47
9817.91
9743.68
9664.20
9745.24
9881 .98
9378.95
9766.97
9710.63
9770.80
9676.80
9771 .60
9804.42
9885.63
9759.26
9578.94
9851.61
9605.69
9670.49
9837.53
9571.56
9759.32
9574.65
9651.37
9714.28
9846.98
9633.58
9749.59
9830.06
9945.17
9844.69
9818.65
9874.29
9805.78
10043.92
987',r.64

POINT

447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2078257.796
2078267.822
2078292.UA
2078301.331
2078311 .547
2078353.533
2078354.224
2078364.331
2078366.027
2078375.574
2078383.019
2078394.824
2078404.264
2078413.346
2078423.908
2078424.906
2078426.111
2478441.123
2078443.435
2078456.871
2078456.885
2078457.420
2078466.935
2078468.237
2078470.900
2078473.904
2078474.252
2078520.643
2078574.858
2078583.147
2078599.885
2078617.669
2078624.884
2078632.011
2078654.261
2078662.668
2078669.874
2078670.293
2078672.957
2078679.036
2078683.998
2078685.652
2078686.464
2078693.533
2078702.149
2078703.928
2078718.302
2078738.455
2078791.597
2078796.984

0.68
-0.54

1 . 7 1
-3.64

0.20
0.95
1 .84
0.00
-0.62
1 . 1 9
0 . 1 4
4.41
0.00
-0.22
1 . 2 2
-0 .15
-0.63

0.57
-0.37
-0.26
-5.31
-3.07

0 .71
-4.78

1 . 2 1
0.74
0.00
0.00
1 .60
-0.82
- 2 . 1 8
-1 .62

0.00
-3.08

0.85
-1 .66
-0.93

2 . 1 9
1 . 7 2
1 .36
1 . 2 9
0.29
-0.73
-0.65
-4.48

1 . 4 3
-2.01

0.33
-1 .58
0.96

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

498
499
500
501
502
503
504
505
506
507
508
509
5 1 0
511
512
5 1 3
5 1 5
5 1 6
517
5 1 8
5 1 9
520
521
522
523
524
525
526
527
528
529
530
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
549
550

EASTING

2078808.760
2078809.579
2078860.561
2078862.614
2078864.060
2078875.866
2078876.903
2078894.259
2078901 .1 93
2078902.630
2078905.403
2078906.840
2078908.558
2078912.617
2078928.744
2078943.842
2078960.541
2078962.331
2078999.972
2079007.439
2079007.633
2079008.594
2079019.1 84
2079024.978
2479036.729
2079047.226
2079050.768
2079165.119
2079170.521
2079183.351
2079197.243
20792A3.057
2079211.499
2079214.744
207923A.262
2079231.145
2079231.992
2079233.930
2079235.425
2079237.432
2079242.727
2079243.157
2079245.082
2079247.960
2079249.768
2079258.108
2079264.704
2079286.252
2079296.rcg
2079305.439

NORTHING

408483.181
408214.750
4 1 1 4 5 8 . 3 1 3
412389.103
414684.834
410193.285
407628.913
412729.500
413948.220
410875.949
413666.146
4 1 1 7 2 1 . i l A
416612.253
413087.455
417892.060
415858.289
407880.213
415478.680
410571.191
416828.813
417212.526
409085.598
415010.411
408739.251
417604.373
408204.857
413383.901
411683.115
407570.344
412745.496
410291.942
410910.553
415388.869
409641.740
415688.640
416895.453
411202.534
410018.925
415115.330
413635.948
417757.912
415903 .618
413832.474
412359.203
414265.925
417275.659
413083.054
407859.478
410572.769
412087.051

9639.72
9723.87
9911.78

0.00
0.00

9802.20
9567.12
9718.03
10035.98
9785.92
9983.32
9970.37
9863.73
9834.42
10015.04
10065.30
9666.99
9859.72
9788.40
9968.72
10139.86
9772.56
9678.98

0.00
0.00

9833.1 I
10038.70
10089.68
9683.23
9808.64
9952.22
9976.32
9883.57
10035.85
10022.37
10084.98
10100.02
10038.84
9777.78
10142.19
10162.03
10131.07
10175.17
9874.94

0.00
10264.87
9992.21
9792.44

0.00
0.00

2409
ELEVATION

9640.25
9724.71
9912.70
9654.45
9683.21
98A7.92
9572.32
9718.10
10034.29
9785.80
9983.71
9970.57
9863.96
9833.67
10013 .33
10065.91
9669.05
9857.65
9786.84
9967.25
10138 .73
9773.31
9682.82
9712.95
10023 .16
9830.70
10034.97
10088.68
9681.04
9806.25
9951 .88
9973.59
9885.03
10035.58
10027.41
10085.17
10099.83
10036.91
9777.89
10141.04
10160 .88
10130 .85
10174.33
9870.21
9976.66
10263.81
9996.07
9791.53
9966.68
9943.81

2003t20a7 20a9
ELEVATION DIFFERENCE

0.53
0.84
4.92
0.00
0.00
5.72
5.20
0.07
-1.69
-0.12
0.39
0.20
0.23
-0.75
-1.71
0.61
2.06
-2.07
-1 .57
-1.47
-1 .13
0.75
3.84
0.00
0.00
-2.49
-3.73
-1 .01
-2.19
-2.39
-0.34
-2.74
1 .46
-4.27
5.04
0 .19
-0 .19
-1.93
0 .11
-1  . 15
-1.15
-0.22
-0.84
-4.73
0.00
-1.06
3.86
-0.92
0.00
0.00

POINT

498
499
500
501
502
503
504
505
506
507
508
509
5 1 0
511
512
5 1 3
5 1 5
5 1 6
517
5 1 8
5 1 9
520
521
522
523
524
525
526
527
528
529
530
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
549
550

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

551
552
553
554
555
556
557
558
559
561
562
563
564
565
566
567
568
569
574
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
595
596
597
598
599
600
601
602
603

EASTING

2079309.524
2079315.179
2079319.514
2079327.312
2079328.045
2079328.690
2079348.162
2079353.155
2479417.1 98
2079513.802
2079514.358
2079515.313
2079539.154
2079544.886
2079547.534
2079552.675
2079555.568
2079559.334
2079565.599
2079574.596
2079584.483
2079593.755
2079617.468
2079627.019
2079627.728
2079635.053
2079637.739
2079640.580
2079641.980
2079646.996
2079648.732
2079655.237
2079655.497
2079665.946
2079669.657
2079689.014
2079692.386
2079695.443
2079695.531
2079706.441
2A79754.447
2079835.076
2079838.583
2079839.206
2079843.279
2079845.115
2079850.556
2079851.817
2079852.530
2079854.253

NORTHING

413404.059
417516.922
408782.708
414853.045
408262.240
416588.351
409093.074
416285.939
408517.305
415354.372
415671.206
415000.281
414604.806
413267.894
416894.454
417277 .174
413537.332
413812.992
415950.746
407854.713
407612.050
417669.223
412775.821
409536.688
410672.430
416232.892
410090.080
411663.374
412229.726
411333.375
408911.030
409261.767
416601.362
409842.086
408622.731
411996.840
408028.867
411068 .280
412473.143
410446.607
408298.391
414339.802
417448.923
415984.906
413273.770
417136.729
415628.098
416833 .319
413534.749
415374.458

10158.47
10215.53

0.00
0.00

9936.82
10031.59
9918.97

0.00
9930.79
9974.87
10134.21

0.00
0.00

10176.82
10231.16
10364.85
10277.81

0.00
10260.44
9940.85
9886.68
10331 .33
10074.55
10139.71
10151 .83
10214.35
10194.03
10203.92
10102.69
10263.44
10032.37
10080.63
1 01 99.1  0
10221.30
10041.99
10158.02
10008.46
10228.43
10096.03
10163.25
10102.23

0.00
10442.25
10343.45
10288.08
10429.02
10203.15
10347.42
10384.98
10132.87

2009
ELEVATION

10158.08
10214.66
9870.00
9712.67
9935.64
10029.68
9917.04
10048.96
9927.01
9973.87
10131 .31
9893.66
9898.73
10175.88
rc229.75
10363.98
10277.41
10259.86
10259.86
9940.00
9886.35
10330.80
10071.53
10139.50
10151 .18
10214.18
10191.77
10203.26
10101 .48
10263.07
10032.55
10081.78
10197.05
rc220.44
10040.87
10155.97
10007.91
10227.21
10090.83
10167.72
10101.20
10136.82
10441.34
10341.70
10288.02
10429.84
10202.50
10345.85
10385.07
10133.00

2003t2007 2009
ELEVATION DIFFERENCE

-0.39
-0.87
0.00
0.00
-1  . 18
-1 .91
-1.93
0.00
-3.78
-1.00
-2.90
0.00
0.00
-0.94
-1 .41
-0.87
-0.40
0.00
-0.58
-0.86
-0.33
-0.53
-3.02
-0.21
-0.65
-0.17
-2.26
-0.67
-1 .21
-0.37
0 .18
1 .15
-2.05
-1.26
-1  . 13
-2.06
-0.55
-1.22
-5.20
4.47
-1 .03
0.00
-0.91
-1.75
-0.06
0.82
-0.65
-1.57
0.09
0 .13

POINT

551
552
553
554
555
556
557
558
559
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
s83
584
585
586
587
588
589
590
591
592
595
596
597
598
599
600
601
602
603

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

604
605
606
607
608
609
6 1 0
6 1 1
612
614
6 1 5
6 1 6
617
6 1 8
620
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
651
653
654
656
657
658
659
660

EASTING

2079855.925
2A79865.446
2079865.599
2079870.858
2079875.569
2079904.992
2079921.059
2079934.149
2079939.244
2079953.127
2079963.1 34
2079963.254
2079963.619
2079966.973
2079967.209
2079975.682
2079978.879
2079979.879
2079980.933
2079982.695
2079985.960
2079986.217
208001 5.532
2080019.402
2080019.441
2080039.931
2080092.467
2080104.500
2080124.478
2080136.305
2080141.550
2080146.772
2080161.223
2080173.603
2080200.853
2080210.609
2080213.252
208AU5.586
2080219.509
2080224.983
2080225.739
2080235.795
2080254.400
2080255.204
2080259.962
2080265.171
2080265.352
2A80266.221
2A80271.569
2080281.706

NORTHING

417727.546
414735.680
411663.608
416264.634
415049.469
413883.352
408638.789
416600.727
409220.153
410434.492
408938.296
410132.981
414725.586
409534.925
408064.802
412788.577
414160.443
412165.562
411305.126
411956 .538
412537.992
411030.844
409863.611
417136.529
413112.649
417499.171
415364.712
416032.369
416853.177
415707.277
416562.245
416256.511
415051 .851
414738.443
411028.016
411334.784
414272.881
410462.454
408606.565
408261.473
409220.467
414514.522
408917 .813
411634.738
410723.491
411936.302
410143.268
409837.923
409534.868
414057.157

10432.58
0.00

rc274.57
10316.93
10111.55

0.00
1 01 39.1  I
10331.37
10181.22
10287.82
10152.88
10318.01
10319.80
rc241.A5
10127.01
10236.45
10257.14
10241.44
10376.80
10268.58
10239.45
10344.34
10354.85
10506.45
10304.51
10506.41
10238.81
10433.50
10464.64
10335.10
10432.46
10436.98
10223.18

0.00
14395.72
10367.52
10317.44
10409.27
10255.18
10292.78
10256.11
10241.51
rc236.27
10344.57
10439.31
10336.51
10390.21
10296.52
10273.98
10385.84

2009
ELEVATION

10432.04
9998.99
10274.01
1031 6.32
10106 .91
10333.65
10138 .38
10330.27
10180 .56
10287.65
10151.42
10315.27
1A317.92
10241.00
10126.60
10234.42
10257.27
10239.64
10376.60
10266.46
10238.41
10344.07
10354.82
10506 .13
10302.30
10505 .19
10240.46
rc$3.20
10463.89
10338.97
10433.00
10437.35
10224.63
10188.68
10394.97
14367.72
1031 7 .36
10408.44
10254.13
10292.00
10256.12
10241.50
10239.05
1Q345.12
10439.61
10335.79
10391.78
1Q297.12
10273.30
10386.93

2003t2007 2009
ELEVATION DIFFERENCE

-0.54
0.00
-0.56
-0.61
-4.64
0.00
-0.81
-1 .10
-0.67
-0.17
-1.46
-2.74
-1.88
-0.05
-0.41
-2.03
0 .13
-1 .80
-0.21
-2.12
,1 .04
-4.28
-0.03
-0.32
-2.21
-1.22
1 .65
-0.30
-0.75
3.87
0.54
0.37
1 .45
0.00
-0.75
0.20
-0.08
-0.83
-1.05
-0.78
0.01
-0.01
2.78
0.55
0.30
-0.72
1 .57
0.60
-0.68
1 .09

POINT

604
605
606
607
608
609
6 1 0
6 1 1
612
614
6 1 5
6 1 6
617
6 1 8
620
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
651
653
654
656
657
658
659
660

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

663
664
665
666
667
668
669
670
671
672
673
674
675
676
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
695
696
697
700
701
702
703
744
705
706
707
708
709
710
7 1 1
7 1 2
7 1 4
715
716
7 1 7

NORTHING

412220.425
412857.898
412532.165
413122.559
417794.036
415032.685
417111.724
416829.1 96
415906.014
417432.992
416504.448
416249.518
415347.701
414518.836
408312.079
414722.959
41 5659.1 94
409837.768
408946.215
410436.037
408633.932
410134.667
413443.178
411634.695
411334.7 56
409532.545
411034.657
412234.783
411934.680
413138.704
410694.975
409239.127
412526.293
412848.814
413860.350
417129.373
41 5343.1 03
417439.095
417735.27A
415634.735
413577.296
413016.266
416284.630
416850.224
415047.417
416532.375
414733.192
415872.922
414147.403
414449.386

10330.41
1 0376.1 3
10357.67
10447.92
10607.25
10329.48
10638.00
10585.57
10530.71
14622.84
10581 .37
10585.75
10422.60

0.00
10281.24
10356.46
10509.50
1  01  85 .1  5
10108 .68
10361 .45
10158 .34
10249.97
10497.82
10304.98
10322.36
10169 .50
10340.60
10312.51
10294.95
10443.84
10382.69
10118.12
14347.04
10389.99
10557.41
10652.60
10525.44
10617 .93
10594.43
10582.83
1 0 5 0 1 . 1 3
10400.92
10690.05
10669.26
10484.93
10683.96
10486.93
10666.63
10540.25
10501 .91

2009
ELEVATION

10330.96
10375.86
10356.59
10447.73
10608.21
10329.89
10640.45
10584.66
10529.31
14623.73
10582.65
10586.54
10422.04
10352.73
10281 .00
10356.82
10508.86
10185 .92
10108 .98
10361.26
1 0 1 5 8 . 3 1
10249.95
10497.01
10304.74
10322.81
10168 .85
10340.13
1031 2.50
10295.32
rc443.12
10381 .90
10117.54
10346.39
10388.90
10115.51
10653.70
10525.67
10618 .58
10595.50
10584.14
10500.49
10400 .19
10690.58
10669 .13
10486.87
10683.96
10487.45
10666.93
10543.67
10499.84

POINT

663
664
665
666
667
668
669
670
671
672
673
674
675
676
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
695
696
697
700
701
702
703
704
705
706
707
708
709
710
7 1 1
7 1 2
7 1 4
715
716
7 1 7

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2080319.782
2080322.001
2080353.923
2080367.658
2080399.856
2080437.131
2080439.271
2080441.541
2080466.689
2080470.012
2080477.355
2080478.757
2080491.687
2080499.109
2080506.543
2080521.968
2080523.335
2080539.207
2080550.1 36
2080552.671
2080553.641
2080553.849
2080555.098
2080555.1 79
2080555.200
2080555.316
2080555.328
2080555.358
2080555.420
2480556.224
2080575.530
2080579.683
2080585.268
2080640.287
248A750.467
2080761.872
2080762.638
2080770.087
2080770.212
2080774.145
2080774.574
2080776.143
2080776.394
2080781.772
2080782.507
2080785.706
2080801.410
2080823.581
2080826.735
2080828.099

0.55
-0.28
-1.08
-0.20
0.96
0.41
2.45
-0.91
-1.40
0.89
1 .28
0.79
-0.57
0.00
-0.24
0.36
-0.64
0.77
0.30
-0 .19
-0.03
-0.02
-0.81
-0.24
0.45
-0.65
-0.47
-0.01
0.37
-0.72
-0.79
-0.58
-0.65
-1 .09
0.00
1 .10
0.23
0.65
1 .07
1 .31
-0.65
-0.73
0.53
-0.13
1.94
0.00
0.52
0.30
3.42
-2.07

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

718
719
720
721
722
723
725
726
727
728
729
730
731
732
733
734
735
737
738
739
740
741
742
743
744
745
746
747
748
749
750
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771

EASTING

2080837.384
2080841.762
2080842.646
2080843.828
208A8$.842
2080844.969
2080852.016
2080852.352
2080854.862
2080855.1 1 I
2080855.249
2080855.454
2080856.082
2080856.807
2080856.922
2480867.497
2480872.072
2081041.903
2081061.943
2081061.995
2081067.022
2481069.293
2081069.429
2081072.774
2081072.926
2081073.1 08
2081076.806
2081083.629
2081083.818
2081086.028
2081096.222
2081123.805
2081124.883
2081125.104
2A81 138.518
2081138.817
2081141 .636
2081 1 44.995
2081147.161
2081150.467
2081155.398
2081155.410
2081156.998
2081161.401
2081162.144
2081164.690
2081165.396
208117 4.914
2081189.998
2081192.312

NORTHING

413346.675
409247.766
408338.218
408933.1 06
408045.594
410130.644
409830.770
411038 .435
409520.568
411934 .888
411334.551
411634.600
412239.890
410426.817
41 2553.1 03
408545.571
410711 .139
414394.005
415670.606
417150.462
416847.819
413867.525
417450.194
41 3535.1 31
416227.300
416536.563
413247.379
415022.303
417748.086
412940.754
414136.882
408631.458
415316.386
408083.547
409283.972
411340.272
415912.080
408905.563
408361.687
410694.870
412234.899
412534.840
411632.783
41 1950.948
409537.105
414688.581
410134.993
409850.680
411052.799
410450.222

10446.92
9989.1 5
10095.91
9989.37
10157.70
10146.92
10083.44
10288.28
10043.64
10232.48
10261.84
10238.33
14254.69
10243.79
10303.34
10062.96
10322.62
10579.62
10668.55
10623.48
10661 .39
10469.06
10582.76
10418 .65
10735.40
10700.55
10381,42
10587.46
10556.77
10327.53
10500 .17
9941.93
10623.69
10028.88
9849.25
10185.75
10735.83
9867.97
9958.41
10297.42
10186.95
1024435
1 0 1 5 0 . 1 0
10149 .50
9879.58
10643.45
10057.34
9973.01
10217.54
10169 .91

2009
ELEVATION

10446.85
9988.80
10095.31
9990.13
10158 .52
10147.97
10083.54
10288.70
14044.24
10232.83
10261.77
10239.46
10254.32
10244.12
10303 .14
10063.87
10322.69
10579.23
10669.59
10623.49
10661 .06
10469.08
10583.53
10418 .33
14734.48
10700.28
10380.82
10586.59
10557.50
1Q326.70
10499.90
9942.93
10623.92
10029.12
9850.34
10186.27
10735.91
9869.35
9958.29
10297.88
10186.17
10239.80
10149.34
10147.69
9881.32
10643.34
10457.64
9973.62
10218.20
10169.68

2003t2007 2009
ELEVATION DIFFERENCE

-0.07
-0.35
-0.60
0.76
0.82
1 .05
0 .10
0.42
0.60
0.35
-0.07
1 .13
-a37
0.33
-0.20
0.91
0.07
-0.39
1 .04
0.01
-0.34
o.a2
4.77
-0.32
-0.92
-0.27
-0.60
-0.87
0.73
-0.83
-0.27
1 .00
0.23
0.24
1 .09
0.52
0.08
1 .38
-0.12
0.46
-0.78
-0.55
-0.76
-1 .81
1.74
-0 .11
0.30
0.61
0.66
-0.23

POINT

718
719
720
721
722
723
725
726
727
728
729
734
731
732
733
734
735
737
738
739
740
741
742
743
744
745
746
747
748
749
750
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

773
774
775
776
777
778
779
780
781
782
783
784
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
808
809
8 1 0
811
812
8 1 3
814
8 1 5
8 1 6
817
8 1 8
8 1 9
820
821
822
823
824

EASTING

2081328.319
2081341.670
2081345.535
2081346.262
2081351.413
2081351.705
2081358.267
2081370.683
2081371 .815
2081373.295
2081374.156
2081396.878
2081405.862
2081408.943
2081411.124
2081412.484
2081428.814
2081430.480
2081434.540
2081436.578
2081441.803
2081444.503
2081444.630
2081445.958
2081446.881
2081448.253
2081453.066
2081453.344
2081 463.721
2081464.827
2081469.440
2081487.957
2081490.263
2081605.976
2081616.867
2081621.850
208',1636.492
2081646.479
2081648.975
2081659.309
2081665.1 50
2081668.515
2081669.259
2081669.337
2081672.526
248168A.718
2081695.052
2081698.835
2081702.972
2081711.113

NORTHING

416261.483
408216.045
416823.136
412960.194
416538.985
413550.500
414480.299
417143.561
417735.952
417438.175
414102.320
418094.089
415654.987
414744.305
413265.974
415057.130
408587.463
415924.433
413837.270
411677.059
411018.782
410489.549
409828.096
410759.429
411342.259
415282.706
411929.692
410106.467
4091 78.1 58
412496.761
409549.846
412214.209
408976.881
412874.146
412996.566
417179.77A
413599.234
413930.458
415034.571
417729.572
416559.845
414445.928
418040.308
417447.254
414777.174
415591.353
413302.088
414171.779
416830.341
410142.954

1 0 7 1  1 . 9 8
9916.65
10630.07
10246.08
10674.53
10260.45
10478.35
10580.27
10508.89
10538.90
10343.18
1 0485.1 8
10710.48
10558.05
10208.73
10661 .54
9787.91
10719.17
10269.85
10052.70
10176 .36
10142.83
9884.48
10220.80
10095.65
10706.99
10047.19
9995.33
9699.60
10152 .68
9757.80
10090.30
9693.58
10100 .07
10085.91
10539.93
10125.54
10192 .36
10606.04
10450.58
10639.57
10357.60
1A439.26
10486.96
10481.34
10713.22
10036.83
rc253.26
10587.21
9966.72

2009
ELEVATION

10712,00
9917.79
10629.65
10244.67
10673.09
10260.34
10478.42
10579.85
10509.51
10539.04
10342.99
10486.76
1 0 7 1 0 . 3 1
10557.58
10209.43
fi661.28
9789.56
10719.10
10269.30
10053.20
10175 .33
10143.34
9881.47
10220.39
10095.69
10707.16
10046.57
9994.99
9700.47
10151.87
9758.86
10089.67
9700.00
10097.49
10084.02
10540.65
10126.14
10192.24
10606.91
10449.67
10638 .15
10358.79
10439.23
10487.10
10481.89
10711.35
10037.27
10253.63
10586.85
9967.62

2003t2007 2009
ELEVATION DIFFERENCE

0.02
1 .14
-4.42
-1 .41
-1.44
-0.1  1
0.07
-0.42
0.62
0 .14
-0 .19
1 .58
-0.17
-0.47
0.70
-0.26
1 .65
-0.07
-0.55
0.50
-1 .03
0.51
-3.01
-0.41
0.04
0 .17
-0.62
-0.34
0.87
-0.81
1 .06
-0.63
6.42
-2.58
-1.89
4.72
0.60
-0.12
0.87
-0.91
-1.42
1 .19
-0.03
0 .14
0.55
-1.87
0.44
0.37
-0.36
0.90

POINT

773
774
775
776
777
778
779
780
781
782
783
784
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
808
809
8 1 0
8 1 1
812
8 1 3
814
8 1 5
8 1 6
817
8 1 8
8 1 9
820
821
822
823
824

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

825
827
828
829
830
831
833
834
835
836
837
838
840
841
842
843
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
867
868
869
87A
872
873
876
878
879
880
881
883
884
885

NORTHING

408639.669
411028.717
410455.064
411656 .158
408134.356
408350 .115
409560.826
415340.075
412499.276
409848.031
409212.244
411926.293
410763.037
4113223A6
416221.798
412211.296
415904.332
408909.224
417434.982
414449.366
415928.614
416577.681
413857.065
4156A1.737
417767.246
414727.363
415052.532
417143.739
413250.561
415356.996
413603.291
414130.780
416156.043
418136.1 1 I
410456.252
408700.843
409818.553
411088.377
409590.867
409248.218
412487.917
411954.664
416883.406
412913.598
410745.3A4
412163.248
411683.597
408010.187
410116.121
408385.379

9685 .11
10117.18
10070.49
9942.04
9895.83
9807.42
9689.08
10687.98
10050.34
9822.58
9604.60
9924.07
10151.78
10027.50
14676.77
9981.36
10703.40
9 6 1  1 . 1  8
10442.25
10277.65
14676.13
10603.83
10017.11
1 0686.1 7
10378.39
10384.80
10535.16
10496.36
9876.39
10645.62
9925.16
1 0 1 1 5 . 3 6
10659.61
10376.08
10020.08
9635.26
9731.29
10039.82
9621.68
9535.62
9837.86
9763.68
10541.75
9799.78
10108.23
9751.21
9816.63
9933.88
9850.22
9775.07

2009
ELEVATION

9684.44
10117.43
10070.93
9942.17
9899.07
9808.43
9689.06
10688.02
10050.60
9821.54
9606.89
9923.97
10151.47
10027.5;0
10676.11
9980.92
10702.17
9611.24
10441.70
10277.90
10676.14
10603.62
10015 .66
10686.49
10378.02
10384.97
10535.63
10496.14
9877.40
10645.45
9925.78
10112.03
10660.02
10376.35
10020.95
9637.67
9731.34
10040.58
9623.16
9534.34
9837.45
9765.08
10541.16
9797.44
10109.20
9750.99
9817.13
9932.77
9848.80
9775.12

POINT

825
827
828
829
830
831
833
834
835
836
837
838
840
841
842
843
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
867
868
869
870
872
873
876
878
879
880
881
883
884
885

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2081712.113
2081725.866
2081727.813
2081729.480
2081730.850
2081733.724
2081740.616
2081742.314
2081749.172
2081749.806
2081751.171
2081755.377
2081767 .477
2081772.641
2AA772.826
2081775.296
2081781.870
2081793.841
2081933.795
2081943.003
2081959.010
2081959.1 92
2081971 .391
2081971 .581
2081972.705
2081974.321
2081979.883
2081981 .1 1 5
2481982.460
2081985.967
2081989.876
2081997.337
2082001.022
20820A4.406
2082009.019
2A82009.314
2082036.445
2082036.503
2082041.721
2082042.295
2082045.725
2082053.260
2A82055.575
2082075.278
2082077.259
2082081.122
2082095.387
2082127.601
2082153.225
2082158.071

-0.67
0.25
0.44
0 .13
3.24
1 .01
-0.02
0.04
0.26
-1.04
2.29
-0 .10
-0.31
0.00
-0.66
-0.44
-1 .23
0.06
-0.55
0.25
0.01
-0.21
-1.45
0.32
-0.37
0 .17
0.47
-0.22
1 .01
-0.17
0.62
-3.33
0.41
0.27
0.87
2.41
0.05
0.76
1.48
-1.28
-0.41
1.40
-0.59
-2.34
0.97
-0.22
0.50
-1 .11
-1.42
0.05

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

886
887
888
889
890
892
893
894
895
896
897
898
899
900
901
902
904
905
906
907
908
909
9 1 0
9 1 1
912
9 1 3
914
9 1 6
917
9 1 8
920
921
923
926
927
928
929
930
932
933
934
935
936
937
938
939
940
941
942
943

NORTHING

415865.057
414137.827
417797.002
417476.07 5
418085.889
413493.534
413278.644
415610.061
415346.610
416862.005
411006.291
415081 .665
414459.206
414747.546
413908.902
411927.849
408603.390
412908.739
416486.804
412435.034
418391.415
409603.450
416272.090
411723.428
411312.384
412198.942
410775.914
409258.721
410160.017
410496.856
408925.413
407968.514
417162.667
409841.570
408338.567
417931.262
418101 .1  10
413899.904
417344.620
415352.745
414466.200
41681  7  .816
412942.159
415946.115
414724.782
415672.060
416586.674
416232.292
413169.679
408448.703

10647.87
10048.51
10297.12
10374.33
10317.02
9788.93
9754.43
10628.96
10590.30
10521.71
10022.70
10488.17
1 0 1 8 5 . 5 1
10321.79
9927.69
9682.15
9649.75
9727.50
10566.20

0.00
10356.46
9592.28
10549.62
9714.06
9894.71
9729.86
10057.49
9453.31
9820.78
9983.91
9498.78
9873.51
10433.25
9637.48
9772.48
10235.46
10267.68
9931.67
10363.05
10548.08
10200.61
10470.80
9604.41
10389.46
10329.66
10449.44
10417.33
10383.12
9588.76
10409.61

2009
ELEVATION

10648.30
10051 .58
10301 .83
10378.09
10316 .62
9791.28
9754.82
10630 .14
10590.84
10521.42
10024.01
10488.57
10183.02
10322.84
9928.44
9682.58
9650.25
9727.31
10566.50
9726.29
10355.53
9591 .80
10549.26
9714.72
9893.1 5
9730.34

10056.13
9453.50
9824.74
9981.82
9499.22
9874.10
10433.00
9638.32
9773.99
10235.87
10266.94
9933.25
10363.83
10548.92
10202.47
10470.64
9604.60
10389.97
10330.08
10452.04
10417.40
10383.70
9589.46
9705.02

POINT

886
887
888
889
890
892
893
894
895
896
897
898
899
900
901
902
904
905
906
907
908
909
9 1 0
911
912
9 1 3
914
9 1 6
917
9 1 8
920
921
923
926
927
928
929
930
932
933
934
935
936
937
938
939
940
941
942
943

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2082174.483
2082232.217
2082239.976
2082243.816
2082253.573
2082256.882
2082264.478
2082265.691
2082270.233
2082282.646
2082288.585
2082289.020
2082297.359
2082298.474
2082298.832
2082298.919
2082308.021
2082311.682
2082319.955
2082320.058
2082320.320
2082327.375
2082337.906
2082337.918
2082345.135
2082357.145
2082363.783
2082365.172
2082375.501
2482383.317
2082396.724
2082396.992
2082413.209
2082439.619
2082442.422
2082492.683
2082498.036
2082s10.345
2082548.296
2082552.314
2082562.451
2082571.033
2082572.522
2082572.757
2082574.039
2082577.866
2082579.334
2082579.357
2082595.271
2082604.399

0.43
3.07
4.71
3.76
-0.40
2.35
0.39
1 .18
0.54
-a.29
1 .31
0.40
-2.49
1 .05
0.7  5
0.43
0.50
-0 .19
0.30
0.00
-0.93
-0.48
-0.36
0.66
-1.56
0.48
-1.36
0 .19
-0.04
-2.10
0.44
0.59
-0.25
0.84
1 .51
4.41
-0.74
1 .58
0.78
0.84
1 .86
-0.16
0 .19
0.51
0.42
2.60
0.07
0.58
0.70
0.00

NorE: All (0) zero elevations and study year are in obscure areas.
Page 16 of40



POINT

944
945
946
947
948
949
950
951
952
953
954
955
957
958
959
960
961
963
966
968
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1 000

NORTHING

417149.612
413586.804
410140.692
414135.034
409839.400
415059.245
407772.892
411601.928
411316.630
411029.440
408006.574
412746.181
410468.588
408885.966
409531.1 75
410761.221
418226.750
409196.316
412504.683
412050.577
418027.332
412937.111
408605.559
414975.310
416227.440
413290.620
414491.186
415324.243
413840 .316
412735.856
417139.247
415921.687
417546.423
414167.222
416840.000
409264.063
408493.325
410740.147
409497.331
410125.566
416630.626
412591.403
408156.655
412126.838
410437.537
408898.164
411596.725
415615.709
411029.795
409809.377

10409.95
9805.1 7
9742.97
10062.39
9608.38
10476.36
9729.92
9817.79
9820.61
9950.92
9710.23
9555.72
9890.77
9465.1 1
9478.10
9994.80
10250.31
9345.57
9532.78
9515 .51
10200.61
9540.30
9548.87
10442.39
10223.04
9745.80
10272.59
10443.68
10000.66
9482.78
10364.65
10194.71
10245.22
10161.46
10327.31
9310.46
9552.69
9974.96
9419.86
9647.85
10244.12
9439.98
9529.14
9436.80
9860.52
9446.47
10252.59
10254.86
9894.67
9557.04

2009
ELEVATION

1A410.16
9804.84
9741.10
10064.12
9608.04
10477.28
9719.78
9693.77
9819 .78
9949.68
9711.04
9555.23
9888.33
9464.51
9479.35
9994.16
10250.67
9342.55
9534.1 1
9514.31
10200.38
9541.74
9550.23
10444.24
10224.51
9745.90
10274.37
10446.71
10003.21
9484.15
10365.44
10196 .67
1A245.25
1 0 1 6 1 . 9 6
10327.72
931  1 .81
9554.76
9974.25
9422.09
9647.80
10244.49
9439.33
9528.68
9438.86
9860.04
9408.74
9655 .11
10255.58
9896.31
9558.46

POINT

944
945
946
947
948
949
950
951
952
953
954
955
957
958
959
960
961
963
966
968
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1 000

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2082605.045
2082616.1 66
2482616.914
2082617.472
2082622.576
2082629.936
2082631.898
2082640.394
2082643.688
2082647.467
2082651.718
2082654.399
2082658.481
2082659.411
2082672.454
2082683.487
2082691.519
2082695.565
2082713.420
208272A.U8
2082785.241
2082814.539
2082820.349
2082826.476
2082833.033
2082847.348
2082861.898
2082869.439
2082876.684
2082888.592
2082888.772
2082901.560
2082904.086
2082909.213
2082909.566
2082911.342
2082923.695
2082927.029
2082927.255
2082927.399
2082929.582
2082930.551
2082938.442
2082938.597
2082944.666
2082951.618
2082956.980
2082959.469
2082964.353
2082984.086

0.21
-0.33
-1.87
1 .73
-0.34
0.92

-10.14
0.00
-0.83
-1 .25
0.81
-0.49
-2.44
-0.60
1 .25
-0.64
0.36
-3.02
1 .33
-1.20
-0.23
1.44
1 .36
1 .85
1 .47
0 .10
1 .78
3.03
2.55
1 .37
0.79
1 .96
0.03
0.50
0.41
1 .35
2.07
-0.71
2.23
-0.05
0.37
-0.65
-4.47
2.06
-0.49
2.27
0.00
0.72
1.64
1.42

NorE: All (0) zero elevations and study year are in obscure areas.
Page 17 ot 4O



POINT

1002
1 003
1004
1005
1008
1009
101  1
1013
1015
1 016
1017
1018
1019
1022
1023
1024
1025
1026
1027
1428
1429
1 030
1031
1032
1033
1 034
1 035
1 036
1 037
1 038
1 039
1 040
1041
1043
1044
1045
1046
1047
1048
1049
1 050
1 051
1052
1053
1054
1 056
1057
1 058
1060
1 064

EASTING

2083009.774
2083009.806
2083023.143
2083039.326
2483118.855
2083126.334
2083134.952
2083136.874
2083148.094
2083161.013
2083165.544
2083169.990
2083175.803
2083191.038
20831 95.1 53
2083196.633
2083205.691
2483210.065
2083211.077
2083220.509
2083223.566
2083238.1 33
2083240.687
2083267.394
2083290.655
2083298.1 56
2083299.905
2083306.370
2083322.323
2083325.250
2083346.104
2083374.575
2083377.450
2083406.210
2083413.909
2083421.929
2083427.939
2083429.956
2083434.433
2083462.230
2483484.647
2083492.930
2083494.395
2083496.954
2083503.074
2083504.688
2083505.053
2083506.547
2083512.582
2083528.852

NORTHING

418249.531
414742.666
413411.749
411292.796
416273.909
417994.830
409888.367
415028.959
414158.605
415965.411
41 5688.1 82
412898.372
417559.492
417084.357
414499.319
410713.631
418452.023
409545.190
412317.435
409259.435
408888.490
448447.397
415381.134
411408.047
411795.507
412557.376
410202.947
413856.798
418182.473
410737.225
411094.410
416695.640
408131 .259
413346.636
415048.975
4 1 6 0 0 1 . 1 0 5
416397.639
417859.630
417088.436
415685.959
411330.464
414802.379
417511.437
409980.006
409614.121
408871.787
410515.421
411862.204
412238.427
409270.939

10197 .66
10332.29
9847.52
9761.85
10077.13
10120 .98
9576.31
10327.27
10171.45
10064.70
10131.54
9646.54
14202.50
10327.59
10232.93
9956.38
10209.98
9400.87
9350.89
9265.85
9331 .21
9406.83
10257.82
9665.78
9504.96
9485.95
9709.90
101  1  4 .26
10124.68
9944.74
9790.56
10087.62
9371.26
9833 .11
10249.42
9957.21
9984.88
10074.30
10294.13
10030.94
9629.98
10179.22
10174.70
9595.27
9437.77

0.00
9762.92
9413.49
9276.28
9261.22

2009
ELEVATION

10197.84
10332.06
9846.80
9761.10
10079.00
10121.44
9576.33
10326.59
1 0 1 7 1 . 3 0
10065.80
1 0 1 3 1  . 5 8
9647.44
10201.86
10327.67
10233.89
9959.07
10209.76
9401.99
9351.12
9267.96
9333.61
9406.77
10259.07
9664.12
9502.72
9487.51
9710.52
10114.44
10124.39
9946.14
9792.37
10088.21
9372.31
9833.04
10249.33
9956.35
9984.65
1 0076.1 1
10294.46
1 0 0 3 1 . 1 1
9626.98
10178.94
10175 .01
9591.84
9439.03
9263.32
9763.42
9412.59
9275.56
9263.06

2003t2007 2009
ELEVATION DIFFERENCE

0 .18
-0.23
-0.72
-0.75
1 .87
0.46
0.02
-0.68
-0 .15
1 .10
0.04
0.90
-0.64
0.08
0.96
2.69
-0.22
1 .12
0.23
2 .11
2.40
-0.06
1 .25
-1 .67
-2.24
1 .56
0.62
0 .18
-0.30
1.44
1 .81
0.59
1 .05
-0.07
-0.09
-0.86
-0.23
1 .81
0.33
0 .17
-3.00
-0.28
0.31
-3.43
1.26
0.00
0.50
-0.90
-0.73
1.84

POINT

1002
1003
1004
1005
1008
1009
1011
1013
1015
1016
1417
1018
1019
1022
1023
1024
1025
1026
1427
1028
1029
1030
1031
1032
1 033
1034
1 035
1036
1037
1038
1039
1040
1441
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1056
1057
1058
1 060
1 064

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1065
1066
1069
1070
1071
1472
1075
1 076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1 086
1087
1088
1089
1090
1091
1092
1093
1094
1097
1099
1  100
1101
1102
1103
1105
1 106
1107
1  108
1 109
1110
1113
1114
1115
1116
1117
1118
1119
1120
1121
1 122
1123
1124

EASTING

2083529.130
2083531.981
2083551.830
2083555.674
2083558.214
2083573.955
2083630.1 1 5
2083633.692
2083643.536
2083699.046
2083700.683
2083708.936
2083717.821
2083745.390
2083751.124
2083754.764
2083785.542
2083787.537
2083788.186
2083789.657
2083792.086
2083796.592
2083799.915
2083807.478
2083831.829
2083835.456
2083848.864
2083861.769
2083870.199
2083879.997
2083886.992
2083891.549
2083900.711
208391 1.176
2083912.602
2083925.493
2083929.727
2083937.026
2083967.806
2083996.763
2084009.237
2084012.198
2484019.824
2084020.067
2084029.412
2084030.209
2084055.731
2084061.14A
2084106.922
2084107.A25

NORTHING

412627.586
414551.463
413917.513
414386.353
407710.410
410140.768
418459.299
418187.191
415429.420
417138.428
415139.157
416844.277
416277.534
411576.379
417844.029
415971 .286
410142.417
418111.713
415751.726
412164.511
413902.088
409783.991
413494.538
41 7501 .1 99
409491.678
414167.622
414811.330
408381.432
414505.957
408975.239
408070.466
407767.406
416481.667
408654.091
410708.307
409250.353
417153.032
412588.622
418458.663
413243.400
413624.356
415062.472
41 0968.1 31
415433.249
413004.470
418057.638
411691.288
417617.853
416894.324
415797.893

9528.49
101  13 .66
10040.21
10073.31
9658.17
9601.32

10019 .80
9990.47
10098.72
10259.37
10163 .05
10104.78
9875.28

0.00
10025.07
9860.70
9548.87
9955.31
9904.06
9152.31
9 9 1 1 . 5 7
9449.09
9877.19
1 0 1 3 8 . 9 1
9287.69
9929.51
10088.65
9324.86
9980.40

0.00
0.00

9659.79
9919.48
9207.27
9649.62
9162.A1
10231.34
9416.86
9950.75
9747.90
9777.09
101  1  9 .29

0.00
9954.91
9643.09
9853.24

0.00
10040.05
10109 .06
9763.43

2009
ELEVATION

9528.64
10114.47
10041.51
10074.59
9659.44
9602.26

10019 .06
9990.67
10099.40
10259.78
10162.91
10104.96
9876.1 5
9426.17
10026.22
9860.85
9550.92
9956.32
9905.05
9152.70
9909.03
9447.95
9881.09
10140 .05
9288.79
9928.54
10089.82
9324.16
9982.05
9075.50
9501.40
9662.20
9919.43
9207.22
9650.90
9163.50
10231 .99
9415.77
9951.03
9747.48
9776.97
10119.67
9541.93
9955.69
9643.82
9853.74
91  85 .1  3
10a41.02
1 0 1 0 8 . 7 1
9764.13

2003n0a7 2009
ELEVATION DIFFERENCE

0 .15
0.81
1 .30
1 .28
1 .27
0.94
-0.74
0.20
0.68
0.41
-4.14
0 .18
0.87
0.00
1 .15
0 .15
2.05
1 .01
0.99
0.39
-2.54
-1 .14
3.90
1 .14
1 .10
-0.97
1 .17
-0.70
1 .65
0.00
0.00
2.41
-0.06
-0.05
1 .28
1.49
0.65
-1.09
4.28
-0.42
-0.12
0.38
0.00
0.78
0.73
0.50
0.00
0.97
-0.35
o.7a

POINT

1065
1066
1069
1070
1071
1072
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1 087
1088
1089
1090
1091
1092
1 093
1094
1097
1099
1 100
1  101
1102
1 103
1  105
1 106
1107
1  108
1 109
1110
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1125
1126
1 1 2 7
1128
1129
1  1 3 0
1131
1132
1  133
1134
1  1 3 5
1  136
1140
1141
1143
1144
1145
1146
1147
1148
1149
1  1 5 0
1151
1152
1  1 5 3
1154
1157
1 1 5 8
1 1 5 9
1 1 6 0
1161
1162
1  163
1164
1 1 6 5
1 166
1167
1  169
1170
1171
1 1 7 2
1173
1174
1175
1176
1 1 7 7
1178
1179
1  180
1181

EASTTNG

2084129.660
2084137.169
2084146.966
2084150.490
2084153.409
2084155.858
2084161.262
2084168.097
2084174.150
2084179.366
2084189.389
2084207.279
2084267.899
2484277.A31
2A84290.575
2084291.986
2084295.297
2084301.586
2084305.008
2084307.367
2084310.672
2084326.167
2084343.662
2084359.420
2084360.343
2084370.300
2084385.272
2084387.42A
2084390.968
2084393.708
2084396.693
2084408.087
2084409.220
2084409.338
2084421.149
2084425.543
2084425.716
2084474.189
2084480.327
2084481.361
2084566.412
2084575.995
2084583.568
2084589.584
2084600.723
2484610.238
2484611.929
2084621.454
2084630.831
2084633.414

NORTHING

416102.377
412236.299
414061.314
410345.623
41 1995.563
410097.338
414307.508
414720.708
409726.709
411342.879
417193.250
416588.720
413329.465
410564.348
408538.022
408230.380
412632.842
409479.567
407783.2A5
408833.854
415131.070
411140.238
417888.585
415443.433
413899.500
414262.633
418084.074
418463.144
417267.173
409214.066
408442.007
417656.246
414528.611
416402.247
413063.412
414947.276
413615.470
415665.096
416685.710
416245.738
416859.644
411895.477
411473.208
412293.A19
415340.678
410134.772
414785.520
412617.179
414189.755
413277.444

9730.84
9237.56
9768.12
9547.33
9002.97
9419.38
9817.27
9988.65
9219.82

0.00
10199 .48
9927.96
9648.36
9585.97

0.00
9492.77
9460.86
9154.02
9719.48

0.00
10016 .31
9320.04
9867.79
9837.39
9670.38
9792.39
9776.37
9825.93
10145.97
8980.60
9558.81
9948.93
9892.45
9666.12
9585.44
10051 .67
9577.08
9721.85
9886.66

0.00
9926.14
8899.70

0.00
91  96 .1  5
9812 .93
9407.08
10016.63
9396.12
9752.88
9475.60

2009
ELEVATION

9731.69
9238.1 9
9767.95
9547.24
9004.87
9420.62
9815.63
9989.26
9220.71
9354.90
10199 .51
9928.77
9653.63
9586.55
9311.45
9497.37
9462.43
9156.90
9716.54
9129.20
10417.43
9316.22
9869.47
9837.12
9669.36
9793.06
9776.97
9824.14
10147.08
8981.52
9559.50
9949.89
9893.92
9667.48
9588.14
10051 .25
9584.85
9724.74
9886.35
9709.24
9925.97
8892.71
9069.54
9196 .21
9812.71
9408.60
10015 .85
9396.95
9755.08
9478.95

20a3t2a07 2009
ELEVATION DIFFERENCE

0.85
0.63
-0.17
-0.09
1 .90
1.24
-1.64
0.61
0.89
0.00
0.03
0.81
5.27
0.58
0.00
4.60
1 .57
2.88
-2.94
0.00
1 .12
-3.82
1 .68
-0.27
-1.02
0.67
0.60
-1 .79
1 .11
0.92
0.69
0.96
1 .47
1.36
2.70
-0.42
7.77
2.89
-0.31
0.00
-0.17
-6.99
0.00
0.06
-0.23
1 .52
-0.79
0.83
2.20
3.35

POINT

1125
1126
1 1 2 7
1128
1129
1  1 3 0
1131
1132
1  133
1134
1 1 3 5
1 1 3 6
1140
1141
1143
1144
1145
1146
1147
1148
1149
1  1 5 0
1151
1152
1 1 5 3
1154
1157
1  1 5 8
1 1 5 9
1  160
1161
1162
1  163
1164
1  165
1 166
1167
1  169
y7a
1171
1172
1173
1174
1175
1176
1177
1178
1179
1 180
1181

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1182
1183
1184
1 185
1 186
1187
1 188
1189
1  190
1191
1192
1194
1  195
1  196
1197
1199
1200
1201
1202
1203
1205
1207
1208
1209
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237

EASTING

2A84642.730
2084646.865
2084647.897
2084652.777
2084656.939
2084657.242
2084659.525
2084673.262
2084675.430
2084676.902
2084688.819
2084699.531
2084701.183
2084701.933
2084704.635
2084724.262
2084733.242
2084733.818
2084745.768
2084747.621
2084787.612
2084803.486
2084807.808
2084809.829
2084864.155
2084872.008
2084888.061
2084898.268
2084910.545
2084922.018
2084927.855
2084933.245
2084945.040
2084946.731
2084949.622
2084950.974
2084967.907
2084971.048
2484978.256
2084983.358
2084984.163
2084988.197
2084992.310
2085013.226
2085016.434
2085026.961
2085042.485
2085A44.147
2085049.623
2085054.918

NORTHING

415066.982
414672.962
410472.402
414497.343
407715.413
41 3900.1 89
4173A0.769
418033.371
418476.162
410940.257
409568.516
409247.748
412953.099
408210.023
417715.639
409854.540
415538.053
408447.372
415862.404
448976.418
416960.865
413586.068
416292.557
448002.247
417352.952
416108.752
414777.810
414206.405
418445.815
412394.653
413283.427
414482.987
415387.822
416541.110
415095.256
412164.329
411186.482
413916.100
417043.783
412994.074
418052.077
409296.253
415606.703
412681.436
409009.440
410478.571
407436.431
411840.299
417719.847
407769.943

9955.03
9488.18
9558.08
9894.39
9512.70
9601.28
10051 .91
9759.78
9752.88
9378.72
9063.66
8944.68
9433.71
9410.77
9889.08
9253.27
9701.61
9279.73
9643.88
8992.05
9899.42
9445.56
9678.30

0.00
9965.14
9651.49
10047.31
9755.94
9698.22
9268.33
9300.32
9905.21
9705.20
9694.70
9852.25
9062.68

0.00
9619.30
9860.54
9262.48
9707.34
8884.19
9631.83
9205.49
8955.07
9521.27
9259.72
8808.69
9809.80
9310.95

2009
ELEVATION

9955.03
9492.90
9558.38
9894.78
9510.68
9602.69
10051 .87
9760.00
9754.04
9376.93
9063.19
8948.25
9436.83
9413.21
9 8 9 1 . 1 0
9256.83
9702.04
9279.92
9644.81
8995.47
9899.58
9453.76
9678.44
9483.39
9964.54
9653.60
10046.51
9757.12
9697.10
9266.53
9300.99
9903.65
9705.89
9694.1 I
9850.48
9462.17
9156.57
9624.04
9861.79
9262.77
9706.36
8884.95
9634.21
9205.32
8959.56
9521.54
9261.39
8810.22
9810 .03
9312.91

2003t2007 2009
ELEVATION DIFFERENCE

0.00
4.72
0.30
0.39
-2.02
1 .41
-0.04
0.22
1 .16
-1 .79
-0.47
3.57
3 .12
2.44
2.02
3.56
0.43
0 .19
0.93
3.42
0 .16
8.20
0 .14
0.00
-0.60
2 .11
-0.80
1  . 18
-1 .12
-1 .80
0.67
-1 .56
0.69
-0.51
-1 .77
-0.51
0.00
4.74
1 .25
0.29
-0.98
4.76
2.38
-0 .18
4.49
0.27
1 .67
1 .53
0.23
1 .96

POINT

1182
1 183
1184
1 185
1 186
1187
1 188
1 189
1 190
1191
'1192

1194
1 195
1 196
1197
1  199
1200
1201
1202
QA3
1205
1207
1208
1209
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1238
1239
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1282
1283
1284
1285
1286
1287
1288
1289

NORTHING

411512.583
410136.312
4081 42.841
413580.896
409570.418
416279.746
417389.805
408505.282
409802.120
418490.949
415869.312
414178.183
414764.044
414487.673
4091 57.379
415105.963
413316.491
4171A7.040
413898.190
416693.982
415388.477
412989.660
418069.694
412448.527
415655.462
413571 .013
417746.588
412684.307
412179.691
409806.459
408906.306
417409.335
408329.003
418484.828
413829.670
409552.917
410478.830
416216.955
411844.A79
407888.781
410185.261
415872.627
407498.433
414772.996
415084.342
418699.932
416938.862
408126.472
415384.289
41 6634.1 36

0.00
9333.16
9382.23
9464.23
8977.56
9566.59
9900.29

0.00
9163.27
9698.66
9575.27
97 43.61
9943.02
9891 .85
8853.02
9778.89
9326.17

0.00
9643.69
9654.03
9657.79
9119 .63
9637.54
8996.35
9517.44
9485.95
9745.27
8946.34
8892.80
9167.41
8913 .09
9875.56
9231.92
9652.68
9638 .18
8940.05
9 5 1 9 . 1 1
9452.16
8742.83
9166.76
9368.15
9498.25
8996.76
9810 .83
9659.46
9733.30
9659.66
9142.65
9546.85

0.00

0.00
0.97
-3.63
-2.40
4.70
1 .35
-1.42
0.00
-0.88
-2.36
1 .20
-1  . 19
-0.98
1 .37
0.31
-0.38
-7.79
0.00
0.37
-3.08
3.33
1.30
-0.41
-6.33
1 .81
-4.24
0.62
-0.95
-2.96
2.77
4.06
-1.47
-0.78
-0.50
-1.34
0.36
-6.08
-1.75
-9.58
-2 .10
0.42
0.65
1 .29
0.63
-1 .10
-1.96
4.44
1 .41

-18.55
0.00

2009
ELEVATION

8930.21
9334.1 3
9378.60
9461.83
8982.26
9567.94
9898.87
9202.67
9162 .39
9696.31
9576.47
9742.42
9942.04
9893.22
8853.33
9778.52
9318 .38
9787.57
9644.06
9650.95
9661.12
9120.93
9637.1 3
8990.02
9519 .25
9481.71
9745.89
8945.39
8889.84
9170.18
891  7 .1  5
9874.09
9231.14
9652.18
9636.84
8940.41
9513.03
9450.41
8733.25
9164.66
9368.57
9498.90
8998.05
9 8 1 1 . 4 6
9658.36
9731.34
9658.63
9144.06
9528.30
9538.34

POINT

1238
1239
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1282
1283
1284
1285
1286
1287
1288
1289

EASTING

2085067.242
2085068.048
2085A81.727
2085116.823
2485118.866
2085146.835
2085149.131
2085150.899
2085159.278
2085165.741
2085167.926
2085196.658
2085215.401
2085219.122
2085222.594
2085243.970
2085245.575
2085245.783
2085247.679
2085247.798
2085252.668
2085255.229
2085285.425
2085288.420
2085337.511
2085356.409
2085361.361
2085362.422
2085401.500
2085421.119
2085427.683
2085432.155
2085451.462
2085452.450
2085461.917
2085477.156
2085486.195
2085486.682
2085489.699
2085501.529
2085503.212
2085509.395
2085517.245
2085523.931
2085530.083
2085532.225
2085532.443
2085534.566
2085550.704
2085551.293

2003t2007 2009
ELEVATION DIFFERENCE

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1 301
1302
1303
1304
1305
1307
1308
1309
1310
1311
1312
1313
1314
1315
1  316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1 330
1332
1 333
1334
1 335
1 336
1337
1 338
1 339
1 340
1341

9753.60
9403.71
9910.84
9571.66
9204.34
8800.45
9754.69
9714.08
9210.08
9568.56
9842.3A
8985.84
9582.36
9341.41
924A.52
9407.13
9322.07
9031.67
9696.39
9544.63
9453.28
9769.27
9446.33
9015.02
9078.01
9633.34
9436.50
8766.51
9595.1 7
8898.85
9324.17
9521.48
8898.48
8664.78
8 8 1 3 . 1 9
9814.44
8819.49
8904.98
9402.97
9556.89
9165.99
9676.1 5
8933.80
9751.65
9091 .91
9284.81
9332.10
9207.95
9490.70
9702.07

-1 .40
-0.48
-0.03
-0.30
18.74
2 .13
-2.81
0.07
0.42
-2.46
-0.87
-3.65
0.32
1 .97
3.29
0.49
1 .69

-12.31
-0.95
0.63
0 .13
1 .17
-2.94
1 .74
-3.87
-0.31
7.81
0.01
-1 .05
2.25
-2.22
-0.46
0.34
1 .60
-0.40
-0.1 0
1 .09
0.79
-0.44

-12.63
1 .27
-0.13
-0.02
-4.24
-0.58
0.23
0.47
1 .83
2.04
-0.53

2009
ELEVATION

9752.20
9403.23
9910 .81
9571.36
9223.08
8802.58
9751.88
9714.15
9210.50
9566.10
9841.43
8982.19
9582.68
9343.38
9243.81
9407.62
9323.76
9019.36
9695.44
9545.26
9453.41
9770.44
9443.39
9016.76
9474.14
9633.03
9444.31
8766.52
9594.12
8901 .1 0
9321.95
9521.02
8898.82
8666.38
8812.79
9814.34
8820.58
8905.77
9402.53
9544.26
9167.26
9676.03
8933.78
9751.41
9091.33
9285.04
9332.57
9209.78
9492.74
9701.54

POINT

1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1 301
1302
1303
1304
1305
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1324
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1332
1 333
1334
1 335
1 336
1337
1338
1339
1340
1341

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2085552.646
2085554.432
2085558.085
2085567.491
2085576.378
2085599.529
2085610.734
2085629.519
2085674.724
2085680.295
2085680.723
2085691.777
2085746.748
2085775.259
2085778.168
2085779.904
2085789.289
2085816.041
2085818.378
2085820.483
2085824.871
2085829.305
2085840.888
2085843.788
2085847.377
2085852.218
2085852.818
2085861.238
2085872.908
2085877.074
2085884.224
2085893.1 1 7
2085897.078
2085898.364
2085915.538
2085918.211
2085923.328
2085940.494
2085966.660
2085975.628
20860A2.143
2086027.832
2086032.733
2086041.053
2086046.761
2086052.894
2086085.837
2086088.885
2086095.593
2086098.857

NORTHING

414210.309
413294.841
414565.563
418077.424
411100.734
409279j39
417175.191
417740.436
412920.547
4rc59A.972
417447.179
412632.076
418442.036
416409.361
410053 .619

" 416036.905
415666.264
408347.421
413893.604
418062.112
410521.382
414307.711
413295.211
409708.918
411236.002
415087.739
416633.935
409093.047
416969.173
407675.693
410839.724
415383.401
408024.533
411967.723
412306.330
414762.976
409408.426
408713.549
418324.805
418624.577
409878.211
417747.924
407444.845
414869.475
412803.570
416184.018
410241.843
415843.918
413498.497
414208.380

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1342
1 343
1344
1345
1 346
1347
1 348
1 349
1 350
1 351
1352
1353
1354
1 355
1356
1357
1 358
1 359
1 360
1361
1362
1 363
1 364
1365
1 366
1367
1 368
1 369
1370
1371
1372
1373
1374
1375
1376
1377
1 378
1379
1 380
1 381
1 383
1 384
1 385
1 386
1387
1388
1389
1 390
1 391
1392

NORTHING

417220.033
413676.079
411164.224
410551.745
415309.722
414443.218
418046.164
414648.656
413295.760
408280.713
418398.784
413030.627
416955.572
409441.022
408019.583
414999.756
408540.610
416653.226
418727.723
417738.590
417044.618
409143.252
410595.985
412589.959
411771.337
414496.877
417457.992
408850.323
407785.671
407274.805
416263.066
410266.821
416458.368
413710.900
411090.210
413008.660
415292.056
407597.640
416856.105
418122.833
409910.633
414792.288
414082.248
412263.280
41 8875.1 03
413368.569
410711.714
409143.048
416004.785
418517.599

9686.97
9567.99
9177.83
9497.48
9512.17
9749.20
9515.06
9750.90
9387.39
8784.34
9343.19
9256.68
9564.1 3
8840.67
8804.27
9621.88
8754.40
9355.81
9453.1 0
9659.22
9600.53
8709.79
9416.68
8896.76
8730.43
9715.57
97 51 .06
8715.54
8915 .28
9066.75
9037.06
9328.51
9205.57
9422.14
9162.66
9226.39
9464.91
9033.60
9475.76
9437.84
9206.34
9603.06
9562.91
8674.20
9403.74
9274.77
9322.43
8679.30
9031.85
9216.61

2009
ELEVATION

9687.45
9573.84
9174.12
9499.55
9513.67
9748.59
9514.85
9751.41
9385.64
8787.44
9342.66
9259.39
9565.64
8835.33
8805.77
9621.22
8757.29
9350.80
9452.88
9659.34
9602.19
8712.71
9407.40
8896.87
8733.83
9715.98
9751.65
8721.03
8910.78
9064.78
9039.49
9326.99
9208.27
9422.32
9154.62
9223.82
9463.47
9028.00
9472.33
9442.69
9207.87
9590.90
9561.70
8673.30
9402.90
9273.95
9326.05
8683.02
9033.26
9216.72

POINT

1342
1343
1344
1345
1346
1347
1348
1349
1350
1 351
1352
1353
1354
1355
1356
1357
1 358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1383
1384
1385
1386
1387
1388
1 389
1390
1391
1392

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2086099.018
2086105.800
2086128.610
2086136.141
2086156.398
2086160.907
2086161.289
2086163.233
2086188.262
2086196.405
2086225.618
2086239.631
2086241.186
2086250.074
2086252.761
2086269.848
2086271.777
2086291.801
2086299.375
2086317.581
2086328.030
2086328.325
2086335.333
2086343.236
2086348.562
2086349.628
2086350.339
2086351.580
2086360.523
2086367.216
2086370.383
2086378.844
2086382.350
2086399.029
2086413.631
2086421.258
2086441.732
2086454.266
2086465.783
2086471.540
2086479.295
2086496.747
2086503.385
2086520.899
2086530.645
2086541.350
2086554.851
2086573.944
2086576.603
2086587.951

0.48
5.85
-3.71

2.07
1 . 5 0
-0.61
-0.21

0.51
- 1 . 7 5

3 . 1 0
-0.53

2 .71
1 . 5 1
-5.34

1 . 5 0
-0.66

2.89
-5.01
-0.22

0 . 1 2
1 .66
2.92
-9.28

0 . 1 1
3.40
0.41
0.59
5.49
-4.50
- 1 . 9 7
2.43
-1 .53

2.70
0 . 1 8
-8.04
-2.57
-1 .44
-5.59
-3.43

4.85
1 . 5 3

- 1 2 . 1 6
- 1 . 2 1
-0.90
-0.84
-0.82

3.62
3.72
1 . 4 1
0 . 1 1

NorE: All (0) zera elevations and study year are in obscure areas.
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POINT

1393
1394
1 395
1396
1397
1398
1399
1400
1401
1402
1403
1404
ua5
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443

NORTHING

411494.115
409521.522
413551 .857
414318.419
413907.UA
412522.355
415657.692
410178.504
417572.559
417731.027
417205.672
414988,379
416248.704
408527.792
407579.464
414571.508
407852.835
408219.955
415291.258
412928.901
412121.240
410783 .818
417432.090
418853.024
418016.409
409035.470
413423.003
411236.878
413733.339
416506.228
409892.692
409481.380
416942.663
414088.959
415105.449
410281.528
418555.015
410550.628
414871 .502
415835.532
412619.813
413418.661
414694.096
416152.178
417677.457
412104.695
418624.738
4 1 9 0 8 1 . 9 1 0
410839.087
409474.372

8864.65
8839.07
9262.93
9674.31
9452.25
8793.20
9163.87
9174.17
9690.95
9652.78
9630.92

0.00
0.00
0.00
0.00

9679.68
0.00
0.00
0.00

8906.95
8581.76
9297.23
9653.40
9272.73
9470.85
8660.40
9181 .86

0.00
9340.74
9173.01
8838.56
8706.11
9507.74
9542.66
9435.26
8916.55

0.00
9156.83
9238.87

0.00
8694.50
9220.34
9556.47
8950.32
9618.64
8536.86
9025.07
9235.51
9208.50
8593.79

2009
ELEVATION

8865.10
8841.70
9268.1 8
9674.44
9451.07
8793.99
9163.38
9173.76
9691 .41
9652.91
9631.64
9476.07
9049.01
8792.19
9120.99
9680.08
9007.47
8915.65
9323.96
8908.12
8583.59
9296.41
9652.52
9272.23
9472.69
8661.64
9183.56
9019.82
9344.69
9173.23
8837.35
8707.77
9508.16
9543.07
9437.35
8913.44
9114.72
9158.03
9243.36
8949.33
8696.27
9220.11
9554.29
8953.07
9618.52
8538.47
9043.62
9237.73
9207.45
8597.57

POINT

1 393
1394
1395
1396
1397
1 398
1399
1400
1401
1402
1403
1404
1405
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443

EASTING

2086590.1 51
2086594.484
2086599.624
2086607.136
2086650.547
2086659.841
2086662.619
2086663.788
2086668.039
2086678.559
2086685.426
2086717 .787
20867 19.849
2086739.593
2086749.315
2086766.705
2086782.513
2086793.307
2086806.539
2086813.620
2086814.120
2086828.379
2086846.592
2086857.764
2086869.446
2086879.1 1 5
2086882.224
2086891 .514
2086896.053
2086897.215
2086905.668
2086935.492
2086959.164
2086976.137
2086977.232
2086985.855
2087008.500
2087012.206
2087018.457
2087039.975
2087060.465
2087109.563
2087110.310
2087112.368
2087160.828
2087170.940
2087181.697
2087 186.378
2087188.691
2087190.374

2003t2007 2009
ELEVATION DIFFERENCE

0.45
2.63
5.25
0 .13
-1 .18
0.79
-0.49
-0.41
0.46
0 .13
0.72
0.00
0.00
0.00
0.00
0.40
0.00
0.00
0.00
1 .17
1 .83
-0.82
-0.89
-0.50
1 .84
1.24
1.70
0.00
3.95
0.22
-1.21
1 .66
0.42
0.41
2.09
-3.11
0.00
1 .20
4.49
0.00
1 .77
-a.23
-2.18
2.75
-0 .13
1 .61

18.55
2.22
-1.05
3.78

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1 463
1465
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1478
1479
M8A
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1496
1497

NORTHING

417195.500
415432.261
413068.956
408153 .168
409832,556
411142.682
418006.967
409144.181
414397.735
407880.794
416869.653
410581.760
412796.965
410185.481
416478.286
414048.244
411947.409
415784.156
411407.449
408472.073
412401.917
416196.980
410954.357
413639.245
408778.199
417701.429
409359.589
414737.682
409980.753
409030.638
409632.031
413156.388
415085.749
418553.679
414206.583
415329.246
414346.182
410579.301
417276.219
410306.566
416853.317
416514372
41 901 0.214
412047.102
412644.001
415636.696
411667.227
419238.758
415014.365
417416.395

94A1.62
0.00

8974.53
9160.50
8648.78

0.00
9446.83

0.00
9656.36
9253.92
9225.19
8911.77
8863.44
8718.65
9037.14
9515 .93

0.00
0.00
0.00

8881 .36
8644.10
8846.85
8999.83
9349.32
8723.66
9589.46

0.00
0.00

8566.05
0.00

8567.36
9219 .50
9408.05

0.00
9634.50

0.00
9669.14
8773.11
9347.04
8655.51
9049.76
8931.42
9019.45
8475.29
8785.34

0.00
8536.56
9082.48
9381.26
9394.08

2009
ELEVATION

9405.83
9163 .91
8974.33
9155.56
8647.62
8994.1 I
9448.52
8655.79
9656.1 3
9250.89
9226.38
8913 .38
8864.45
8722.01
9040.15
9519.12
8494.55
8936.53
8767.75
8871.92
8646.97
8848.66
8999.64
9349.62
8728.70
9588.98
8595.03
9526.79
8568.00
8707.32
8571 .38
9219.33
9406.18
9092.91
9633.69
9252.89
9669.98
8776.52
9348.22
8657.61
9050.12
8933.12
9019.25
8476.29
8785.77
9016.52
8531.94
9082.35
9382.82
9394.44

POINT

1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1465
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1496
1497

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2087196.488
2087198.920
2087218.712
2087235.551
2087238.405
2087258.256
2087262.133
2087279.784
2087280.622
2087302.909
2087323.178
2087331.474
2087335.753
2087339.561
2087347.036
2087386.697
2087391.601
2087 410.177
2087437.826
2087443.087
2087458.956
2087475.164
2087482.967
2087489.645
2087504.657
2087530.851
2087532.234
2087534.442
2087534.447
2087543.893
2487544.143
2087553.765
2087564.268
2087566.355
2087569.360
2087571.901
2087572.908
2087574.710
2087581.094
2087592.729
2087616.632
2A87617.739
2087638.873
2087667.322
2087671.669
2087717.836
2087747.742
2087750.506
2087768.004
2087771.545

4.21
0.00
-0.20
-4.94
-1  . 16
0.00
1.69
0.00
-0.23
-3.03
1 .19
1 .61
1 .01
3.36
3.01
3 .19
0.00
0.00
0.00
-9.44
2.87
1 .81
-0 .19
0.30
5.04
-0.48
0.00
0.00
1 .95
0.00
4.42
-0 .18
-1.87
0.00
-0.81
0.00
0.84
3.41
1  . 18
2 .10
0.36
1 .70
-0.20
1 .00
0.43
0.00
-4.63
-0.13
1 .56
0.36

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1 498
1 499
1 500
1502
1 503
1504
1505
1506
1507
1508
1 509
1510
1511
1512
1513
1515
1516
1517
1518
1519
1520
1522
1523
1524
1525
1526
1527
1528
1 530
1 531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1542
1543
1544
1545
1546
1547
1548
1549
1551
1552
1556

EASTING

2087795.009
2087795.632
2087800.649
2087818.907
2087822.240
2087832.070
2087841.083
2087852.499
2087853.806
2087855.130
2087866.637
2087873.631
2087884.694
2087901.227
2087912.594
2087928.479
2087932.852
2087939.004
2087946.779
2087946.990
2087985.922
2088012.132
2088045.638
2088064.228
2088079.605
2088101.564
20881 1 0.1 06
24881rc.238
2088134.663
20881 37.A77
2088138.742
2088148.054
2088167.536
20881rc.A46
2088174.427
2088175.658
2088184.571
2088191.587
2088198.982
2088228.630
2088230.331
2088235.429
2088239.426
2088240.327
2088259.512
2088259.659
2088273.657
2088305.253
2088319.773
2088376.439

NORTHING

416823.135
418554.775
415970.703
411251.973
417955.044
408664.412
414490.402
412326.635
409923.446
413564.997
409644.703
410913 .709
412938.439
413179.165
414276.753
410510.873
414801.461
413923.144
412093.475
418759.482
409074.223
409266.595
4 1 7 1 2 2 . 7 1 0
410336.471
415188.986
414227.916
419245.851
417668.291
413541.723
412603 .615
411681.195
418831 .533
412017.666
417844.766
409981.049
410694.793
413999.882
416200.179
418558.991
414939.905
416531.424
414522.951
415894.522
416870.028
415475.348
412326.419
411236.206
418058.509
412725.537
417412.395

9002.92
0.00
0.00

8669.1 3
9463.86
8903.35
9622.72
8637.84

0.00
9417.28

0.00
8762.78
9031.79
9209.01
9678.87
8583.29
9464.65
9610.70
8535.93

0.00
8933.41

0.00
9066.24
8462.68

0.00
9719.22
8956.30
9414.90
9420.24
8826.61
8390.33

0.00
8531.78
9513.77
8486.29
8499.05
9649.47

0.00
0.00

9495.17
8728.76
9635.79

0.00
8883.90
9289.39
8678.90
8481.16
9442.83
8884.16
9170.78

2009
ELEVATION

9002.28
9082.22
8865.73
8686.46
9464.04
8901 .61
9623.85
8636.88
8500.29
9420.54
8584.83
8762.91
9030.92
9208.20
9678.38
8584.96
9461.43
9610 .70
8536.19
8994.47
8927.35
8809.08
9066.40
8462.53
9368.45
9719 .05
8954.82
9416.35
9418.43
8825.95
8391.77
8933.25
8530.93
9513.71
8483.00
8501.07
9647.87
8803.33
9072.17
9493.90
8730.84
9637.67
8949.25
8885.34
9290.34
8677.32
8482.58
9446.49
8880.65
9172.69

2003t2007 2009
ELEVATION DIFFERENCE

-0.64
0.00
0.00
17.33
0 .18
-1.74
1 .13
-0.96
0.00
3.26
0.00
0 .13
-0.87
-0.81
-0.49
1 .67
-3.22
0.00
0.26
0.00
-6.06
0.00
0 .16
-0.15
0.00
-0.17
-1.48
1.45
-1 .81
-0.67
1.44
0.00
-0.85
-0.06
-3.29
2.02
-1.60
0.00
0.00
-1.27
2.08
1 .88
0.00
1.44
0.95
-1 .59
1.42
3,66
-3.51
1 .91

POINT

1498
1499
1500
1502
1503
1 504
1 505
1506
1507
1508
1 509
1 5 1 0
1511
1512
1 5 1 3
1 5 1 5
1 5 1 6
1517
1 5 1 8
1 5 1 9
1520
1522
1523
1524
1525
1526
1527
1528
1530
1531
1532
1 533
1534
1 535
1536
1537
1 538
1539
1540
1542
1543
1544
1545
1546
1547
1548
1549
1 551
1552
1 556

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1557
1 558
1 559
1561
1563
1564
1566
1567
1571
1572
1574
1575
1576
1577
1578
1579
1 580
1581
1582
1583
1 584
1 585
1 586
1587
1 588
1 589
1590
1591
1592
1 593
1594
1595
1597
1 599
1601
1602
1603
1604
1605
1606
1607
1608
1609
1 6 1 0
1611
1612
1 6 1 3
1614
1 6 1 5
1617

NORTHING

419224.829
415161.378
413412.006
414236.262
417628.015
413046.604
411473.379
418859.932
412135.1 86
417099.006
415742.701
416138.282
416350.568
416721.525
414516.565
414266.507
417601.335
415170.926
417889.665
413999.391
414899.859
419103.545
413716.660
412808.787
413445.462
417402.152
412392.181
418088.678
413106.692
411154.602
410771 .325
416487.265
412110.961
411489.007
412487.953
419263.210
415196.1 39
413137.148
416369.287
415497.136
412919.449
417332.499
417859.382
416695.632
414892.649
415796.965
416091.620
414590.398
414312.787
414A52.547

8831.20
9452.20
9312.02
9748.11
9364.32
9108.87
8376.04

0.00
8700.38
8946.64

0.00
0.00
0.00

8739.90
9613.89
9699.61
9211 .66

0.00
9402.66
9623.21

0.00
0.00

9517.37
9191.72
9396.89
9037.19
8895.79
9430.22
9303.18
8314.51

0.00
8579.27
8664.52
8332.95
8895.75

0.00
0.00

9281.32
0.00
0.00

9154.84
8941.73
9202.33
8647.11

0.00
8907.56

0.00
9507.33
9614.19
9582.41

-2.31
-2.87
-4.12
-0.34
-0.91
-2.02
-0.08
0.00
-0.99
2.35
0.00
0.00
0.00
1 .50
0.94
2 .11
1 .55
0.00
0.03
0 .10
0.00
0.00
-2.01
1 .17
-2.16
14.47
-1.95
-1.47
0 .10
1 .58
0.00
7.96
-0.77
-2.22
-0.78
0.00
0.00
-0.55
0.00
0.00
-0.91
-0.03
1 .11
2.91
0.00

-10.34
0.00
5 ,12
0 .14
1 .35

2009
ELEVATION

8828.89
9449.33
9307.90
9747.77
9363.41
9106.85
8375.96
8939.51
8699.39
8948.99
9025.91
8807.03
8693.60
8741.40
9614.83
9701.72
9213.21
9393.80
9402.69
9623.31
9471.71
8856.66
9515.36
9192.89
9394.73
9051.66
8893.84,
9428.75
9303.28
8316.09
8424.73
8587.23
8663.75
8330.73
8894.97
8816.82
9240.03
9280.77
8654.24
9083.55
9153.93
8941.70
9243.44
8650.02
9369.51
8897.22
8775.73
9512.45
9614.33
9583.76

POINT

1557
1558
1559
1561
1563
1564
1566
1567
1571
1572
1574
1575
1576
1577
1578
1579
1 580
1 581
1582
1583
1584
1585
1586
1587
1 588
1 589
1590
1591
1592
1593
1594
1595
1597
1 599
1601
1602
1603
1604
1605
1606
1607
1608
1609
1 6 1 0
1611
1612
1 6 1 3
1614
1615
1617

EASTING

2088376.767
2088376.785
2088388.805
2088426.230
2088429.005
2088430.497
2088439.212
2088439.499
2088520.323
2088546.862
2088588.122
2088603.701
2088612.274
2088620.282
2088659.932
2088662.752
2088669.1 74
2088680.060
2088700.555
2088712.963
2488716.869
2088722.561
2088727.307
2088727.433
2088739.601
2088748.A34
2488749.462
2088761.770
2088764.425
2088775.638
2088833.931
2088836.637
2088853.274
2088855.373
2088907.354
2088918.266
2088955.942
2088956.850
2088972.235
2088978.406
2088980.1 82
2088985.256
2088990.978
2088994.210
2088995.713
2088998.677
2088998.707
2089000.225
2089004.198
2089010.515

2003t2007 2009
ELEVATION DIFFERENCE

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1 6 1 8
1 6 1 9
1620
1621
1622
1623
1624
1626
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1 643
1644
1 645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1 656
1657
1658
1659
1660
1 661
1662
1663
1664
1665
1666
1667
1668
1669

EASTING

2089013.483
2089024.504
2089034.898
2089043.304
2089052.619
2089059.619
2089103.758
2089219.869
2089277.473
2089294.561
2089296.528
2089298.700
2089299.515
2089301.253
2089302.401
2089304.934
2089305.560
2089308.183
2089308.230
2089309.1 1 3
2089319.693
2089326.455
2089327.813
2089339.415
2089346.577
2089367.738
2089379.271
2089387.082
2089387.834
2089403.223
2089406.719
2089431.061
2489436.271
2089484.349
2089495.381
2089528.940
2089553.297
2089571.815
2089572.350
2089574.804
2089576.654
2089583.559
2089592.312
2089595.198
2089596.395
2089597.648
2089598.344
2089600.573
2089600.577
2089603.375

NORTHING

419371 .904
413456.562
416999.055
418237.369
410689.557
413756.7A9
41 1539.667
418973.487
413989.493
416369.807
412943.995
415254.106
412246.533
413723.408
413449.529
413117.119
414264.568
418229.730
411933.444
414544.194
417516.444
414932.218
416526.367
412447.842
414416.514
416855.299
417232.294
418426.036
417804.111
419192.477
416021.787
415652.290
411334.855
411060.777
410643.491
415012.308
412806.380
410314.933
417578.741
412108.412
418467.734
417881.264
414011.137
411675.161
413412.705
416986.888
414683.048
413093.472
416089.091
418245.340

0.00
9378.24
8758.47
9434.59

0.00
9426.62
8312.82

0.00
9459.82

0.00
9178.99

0.00
8631 .13
9343.40
9227.28
9179.07
9585.97
9277.93
8473.11
9578.19
8900.39
9411.51

0.00
8766.24
9607.62
8595.70
8733.22
9385.62
8997.75

0.00
0.00

9472.08
8306.69

0.00
0.00

9421.04
8883.83

0.00
8825.03
8527.24
9333.07
8962.19
9447.16
8307.18
91 53.16
8559.16
9581.80
8938.40

0.00
9159.33

0.00
-0.48
3.53
0.42
0.00
-1.52
-2.02
0.00
-2.17
0.00
-1 .75

9271.79
-0 .15
-2.88
-0.52
-0.64
0.50
-0.34
-3.48
-1.79
2.46
-3.71
0.00
-2 .11
1 .03
3.41
2.21
-0.01
-4.53
0.00
0.00
1 .69
4.63
0.00
0.00
0.43
-0.34
0.00
1 .83
1.42
-2.58
-3.40
-0.21
0.72
-0.95
4.96
-1 .11
1.44
0.00
-0.80

2009
ELEVATION

8790.70
9377.76
8762.00
9435.01
8530.08
9425.10
8310 .80
9018.74
9457.65
8664.21
9177.24
9271 .79
8630.98
9344.52
9226.76
9178.43
9586.47
9277.59
8469.63
9576.44
8902.85
9407.80
8599.31
8764.13
9608.65
8599 .11
8735.43
9385.61
8993.22
8959.17
8849.81
9073.77
8311.32
8418.99
8646.40
9421.47
8883.49
8859.74
8826.86
8528.66
9330.49
8958.79
9446.95
8307.90
9152.21
8564.12
9580.69
8939.84
8786.69
9158.53

2003t2007 2009
ELEVATION DIFFERENCE POINT

1 6 1 8
1 6 1 9
1620
1621
1622
1623
1624
1626
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1681
1682
1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1 694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709
1710
1711
1 7 1 2
1713
1715
1716
1 7 1 7
1718
1719
1724
1721

NORTHING

412506.335
417190.321
413703.210
414491.419
415806.467
41857A328
416628.178
415352.940
416388.679
414250.750
419221.215
410955.796
410617.720
413781.544
410426.959
412012.319
418450.855
417283.698
417573.935
411605.237
412900.811
414404.447
415499.671
416423.349
417909.697
418210.356
416985.704
415075.939
412485.531
414699.463
414521.686
413109.713
414304.255
415799.972
416088.808
418784.879
416698.987
412226.814
413510.982
410345.998
419085.006
418775.661
410603.144
413165.151
412895.676
410883.750
415391 .971
417890.864
413471 .937
416679.042

8724.39
8634.16
9296.99
9619.02

0.00
9387.99

0.00
9235.58

0.00
9567.50

0.00
0.00
0.00

9293.61
0.00

8407.91
9143.90
8620.12
8716.98
8218.54
8734.80
9403.55

0.00
0.00

8866.76
8982.90
8476.83
9363.1 3
8557.52
9574.12
9608.92
8853.41
9563.48

0.00
8867.34
9347.83
8543.55
8449.23
9148 .1  8
8745.83

0.00
9194.66
8620.77
8926.35
8789.41
8470.53
9335.17
8728.16
9160 .19
8543.78

2009
ELEVATION

8724.85
8635.62
9295.95
9620.01
8949.51
9388.21
8568.94
9234.28
8654.05
9568.71
9030.94
8484.73
8670.85
9291.66
8782.91
8410.86
9143.56
8622.04
8721.31
8220.42
8733.47
94A1.26
9151.62
8676.96
8868.35
8980.03
8479.94
9368.32
8556.66
9574.52
9609.81
8854.50
9563.95
9009.20
8869.03
9347.74
8545.04
8450.41
9147.92
8754.46
9201.63
9192.26
8621.24
8924.85
8788.84
8469.89
9334.78
8731.14
9158.65
8s61.21

POINT

1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1681
1682
1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1744
1745
1706
1707
1708
1709
1710
1711
1 7 1 2
1713
1715
1716
1 7 1 7
1718
1719
1720
1721

EASTING

2089603.824
2089607.254
2089609.095
2089610.122
2089613.841
2089615.888
2089617.164
2089617.362
2089624.560
2089630.817
2089720.168
2089751.237
2089771.494
2089786.737
2089831.304
2089835.616
2089851.473
2089851.930
2089873.730
2089882.314
2089887.868
2089889.902
2089893.457
2089897.602
2089899.131
2089903.384
2089907.523
2089908.228
208991 4.275
2089918.034
2089922.413
2089927.811
2089928.832
2089930.623
2089933.532
2089934.442
2089939.551
2089951.281
2089981.822
2090073.489
2090079.115
2090106.106
2090112.032
2090139.423
2090171.408
2090171.78A
2090172.586
2090184.306
2090187.703
2090188.382

2003t2007 2009
ELEVATION DIFFERENCE

0.46
1.46
-1.04
0.99
0.00
0.22
0.00
-1.30
0.00
1 .21
0.00
0.00
0.00
-1.95
0.00
2.95
-0.34
1 .92
4.33
1 .88
-1 .33
-2.29
0.00
0.00
1 .59
-2.87
3 .11
5 .19
-0.86
0.40
0.89
1 .09
0.47
0.00
1 .69
-0.09
1.49
1 .18
-0.26
8.63
0.00
-2.40
0.47
-1 .50
-0.57
-0.64
-0.39
2.98
-1.54
17.43

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1722
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1 736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1 768
1 769
1770
1772
1773
1774

NORTHING

417212 .550
418259.300
415791.333
419042.473
417592.347
416392.112
416092.276
414287.936
418516.906
413695.624
414548.476
414713.883
416968.086
411917.976
415156.221
411583 .081
412325.219
417305.494
417922.623
418522.725
412857.642
410376.083
41317 5.637
414348.257
416387.584
415192.398
413412.502
416081.338
418789.377
415784.643
416978.630
414894.134
413675.236
411131.666
419110.893
418195.904
417556.887
414543.419
415514.145
411867.549
412551.201
414044.673
416713.146
411538.046
410702.921
414253.823
412096.669
416942.164
416358.803
412810.353

8482.24
8888.40
9067.62
9282.67
8610.55
8701.51
8864.92
9556.23
8989.21
9224.90
9640.13
9583.69
8417.35
8321.28
9420.95
8183.85
8540.80
8416.77
8644.18
8887.46
8840.73

0.00
9154.36
9595.90

0.00
0.00

9234.68
8858.84
8992.92
8997.88

0.00
9554.71
9329.50

0.00
9184.73
8718.37
8494.85
9734.63
9205.17
8316.03
8658.48
9510.30

0.00
8194.22

0.00
9579.09
8391.06

0.00
8850.30
8754.90

2009
ELEVATION

8482.91
8888.14
9069.28
9284.42
8609.17
8704.62
8864.34
9555.50
8990.32
9224.18
9640.78
9583.50
8426.06
8324.02
9421.27
8187.77
8541.69
8416.75
8646.05
8889.33
8841 .00
8672.91
9154.66
9596.83
8719 .08
9387.60
9234.28
8859.12
8996.1 3
8997.58
8474.59
9554.28
9329.1 6
8297.25
9183.67
8720.79
8494"26
9735.06
9211 .84
8317.25
8659.62
9510.34
8604.62
8197.77
8500.98
9578.71
8393.83
8519.99
8849.95
8753.51

POINT

1722
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1772
1773
1774

EASTING

2090188.543
2090193.064
2090194.652
2090198.599
2090199.026
2090199.231
2090199.436
2090201.884
2090202.037
2090205.607
2090212.331
2090212.753
2090220.047
2090229.449
2090268.628
2090280.1 33
2090344.977
2094428.213
2090449.005
2090467.746
2090472.O01
2090472.286
2090473.345
2090490.023
2090493.1 95
2090498.523
2090499.393
2090500.741
2090504.741
2090506.489
2090506.884
2090508.656
2090508.705
2090509.701
2090513.302
2090514.320
2090514.439
2090523.519
2090534.088
2490545.494
2090552.499
2090561.219
209A577.125
2090584.528
2090623.530
2090697.645
2090730.460
2090745.939
2A90771.387
2090771.554

2003t2007 2009
ELEVATION DIFFERENCE

0.67
-0.26
1.66
1 .75
-1 .38
3 .11
-0.58
-0.73
1 .11
-0.72
0.65
-0 .19
8.71
2.74
0.32
3.92
0.89
-0.02
1 .87
1 .87
0.27
0.00
0.30
0.93
0.00
0.00
-0.44
0.28
3.21
-0.30
0.00
-0.43
-0.34
0.00
-1.07
2.42
-0.59
0.43
6.67
1 .22
1 .14
0.04
0.00
3.55
0.00
-0.38
2.77
0.00
-0.36
-1.39

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1775
1776
1777
1778
1779
1 780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1 796
1797
1799
1 800
1801
1802
1803
1 804
1805
1806
1807
1 808
1 809
1 8 1 0
1811
1812
1 8 1 3
1814
1 8 1 5
1 8 1 6
1817
1 8 1 8
1 8 1 9
1820
1821
1822
1823
1824
1825

NORTHING

413994.264
414584.236
417621.507
410186.758
414789.689
418817.468
416692.015
419135.049
413361.232
417884.924
415200.564
413667.301
418201.656
413111.791
418473.344
415728.398
415475.986
412469.928
411086.020
417256.892
416A77.729
411864.674
411503 .805
410549.547
418740.553
418188.821
415763.586
417299.861
413024.172
415413.230
414373.255
416411.2A8
419116.685
417892.457
416683.070
417602.207
414897.265
417027.999
449978.767
418479.469
413748.534
413290.985
416110.953
413981.240
412432.574
415143.467
414618.739
411624.788
410293.151
413040.386

9465.40
9707.53
8409.48

0.00
9578.33
8876.37

0.00
9026.82
9152.50
8485.95
9386.92
9274.40
8596.32
8918.47
8708.84
9244.79
9325.74
8570.55
8271 .47

0.00
9055.80
8324.88
8154.72
85A2.02
8730.53
8513 .28
9291.61
8400.40
8923.45
9414.73
9639.24

0.00
8882.99
8394.90

0.00
8255.81
9600.29
8493.96
8772.55
8588.68
9297.84
9099.17

0.00
9437.72
8682.94
9567.19
9768.66
8211.87
8549.07
9139.06

2009
ELEVATION

9465.84
9707.36
8414.84
8795.49
9580.86
8881 .41
8654.31
9024.56
9153.93
8487.00
9384.76
9275.02
8593.21
8916.70
8710 .89
9239.63
9324.01
8564.79
8276.80
8386.41
9061.89
8326.09
8156 .03
8509.29
8731.21
8511.67
9281.32
8401.30
8920.36
9411.91
9638.30
8826.44
8883.70
8395.96
8669.29
8259.26
9596.92
8494.90
8770.75
8586.38
9295.26
9097.93
9028.61
9435.73
8681 .75
9565.95
9766.97
8214.38
8552.13
9138.12

POINT

1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1794
1791
1792
1793
1794
1795
1796
1797
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2090773.019
2090784.244
2090793.002
2090796.576
2090800.297
2090800.688
2090801.031
2090802.952
2090806.459
2090806.607
2090814.385
2090816.734
2090817.683
2090818.794
2090820.330
2090821.699
2090841.554
2090850.678
2090854.067
2090896.430
2090904.035
2090919.760
2090952.017
2091014.445
2091020.248
2091031.606
2091032.962
2091054.547
2091064.498
2091077.217
2091087.171
2091087.988
2091090.607
2091099.416
2A91099.993
20911 00.416
20911A4.149
2091121.720
2091128.137
2091 1 34.1 58
2091134.573
2091137.559
2091143.437
2091160.022
2091183.955
2091185.019
2091201.334
2091267.541
2091289.507
2091333.641

0.44
-0.17
5.36
0.00
2.53
5.04
0.00
-2.26
1 .43
1 .05
-2.16
0.62
-3.11
-1 .77
2.05
-5.16
-1.73
-5.76
5.33
0.00
6.09
1 .21
1 .31
7.27
0.68
-1 .61
-10.29
0.90
-3.09
-2.82
-0.94
0.00
0.71
1 .06
0.00
3.45
-3.37
0.94
-1.80
-2.34
-2.58
-1.25
0.00
-1 .99
-1  . 19
-1.24
-1.69
2 .51
3.06
-0.94

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1826
1827
1828
1829
1 830
1831
1832
1 833
1834
1 835
1836
1837
1838
1 839
1 840
1841
1842
1 843
1844
1 845
1846
1847
1 848
1 849
1 850
1 851
1852
1 853
1854
1855
1856
1857
1 858
1 859
1 860
1861
1862
1 863
1864
1865
1 866
1867
1 868
1869
1870
1871
1872
1873
1874
1875

NORTHING

418811.829
41059A.705
418492.846
411915.288
41 9097.1 99
413223.613
413428.212
411233.192
415566.413
416082.517
418147.616
417897.562
416396.489
416657.011
409865.402
417258.294
415778.756
417631.580
417032.072
412212.780
414924.686
414704.487
412534.90A
413423.295
415557.123
414492.302
416154.370
414091 .091
415259.168
413847.484
413189.029
412280.4A4
418479.997
417874.375
418766.271
415821.537
418194.120
417591.707
417293.957
410245.201
411410.277
411755.643
409969.446
411077.903
411975.840
410676.845
415249.143
413522.937
416763.636
417048.765

8645.16
8379.23
8515.82
8362.55
8763.85
9216.49
9272.80
8083.88

0.00
0.00

8374.37
8306.39

0.00
0.00

8675.51
8501.74

0.00
0.00

8607.55
8506.69
9639.37
9694.87
8690.68
9242.73

0.00
9723.36

0.00
9545.77

0.00
9416.36
9095.44
8555.92
8383.54

0.00
8513.81

0.00
8250.13

0.00
0.00

8405.51
8213.12
8394.97
8494.64
8076.49
8479.69
8199.24
9501.81
9221.07

0.00
0.00

2009
ELEVATION

8646.1 3
8383.81
8515.84
8360.24
8764.19
9214.48
9271.08
8085.17
9324.94
9057.24
8376.81
8347.27
8855.43
8739.90
8669.34
8800.82
9284.81
8296.15
861  0 .1  0
8504.72
9637.18
9694.76
8688.61
9240.04
9369.21
9721.71
9063.60
9544.97
9498.62
9416.88
9091 .73
8552.18
8382.85
8 1 9 9 . 1 3
8515 .31
9297.46
8251.59
8371.87
8529.94
8403.23
8215.30
8392.74
8498.1 5
8079.29
8476.52
8199.00
9503.87
9219.42
8821.39
8665.51

POINT

1826
1827
1828
1829
1830
1 831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850
1851
1852
1 853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1 865
1 866
1867
1868
1 869
1870
1871
1872
1873
1874
1875

24Wt2007 2009
ELEVATION DIFFERENCEEASTING

2091338.548
2491341.598
2091349.792
2091353.447
2091357.140
2091362.766
2091367.963
2091369.463
2091379.986
2091381.711
2091389.098
2091398.552
2091408.418
2091416.878
2091422.202
2091427.910
2091446.109
2091483.389
2091486.220
2091542.562
2091543.871
2091545.416
2091565.419
2091566.992
2091570.565
2091585.018
2091592.464
2091599.645
2091614.916
2091668.147
2091670.419
2091687.240
2091687.754
2091695.055
2091695.714
2091696.810
2091698.947
2091700.1 36
2091700.287
2091716.848
2091740.605
2091764.929
2091780.722
2091796.875
2091799.254
2091 821.232
2091852.003
2091857.999
2091858.858
2091862.400

4.97
4.58
0.02
-2.31
0.34
-2.01
-1.72
1 .29
0.00
0.00
2.44
0.88
0.00
0.00
-6.17
-0.92
0.00
0.00
2.55
-1.97
-2 .19
-0.1  1
-2.07
-2.69
0.00
-1.65
0.00
-0.80
0.00
0.52
-3.71
-3.74
-0.69
0.00
1 .50
0.00
1.46
0.00
0.00
-2.28
2 .18
-2.23
3.51
2.80
-3.17
-0.24
2.46
-1.65
0.00
0.00

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1876
1877
1 878
1879
1 881
1882
1883
1884
1 885
1886
1887
1888
1889
1890
1891
1892
1 893
1 894
1 895
1 896
1897
1 898
1899
1 900
1 901
1902
1903
1904
1905
1906
1907
1908
1909
1 9 1 0
1911
1912
1913
1914
1 9 1 5
1 9 1 6
1917
1 9 1 8
1 9 1 9
1920
1921
1923
1924
1925
1926
1927

8480.18
8563.10
9556.73
9355.70
8913.85
9400.42

0.00
9269.21
9580.56
8253.93
9117 .36
9535.62
8365.78
9031.87
9647.38
9400.35

0.00
8815.12
8366.22
8148.43
9623.18

0.00
8253.34
9544.92
9301.54
8516.85
8378.13
8600.02

0.00
8239.28
9354.14

0.00
8424.61

0.00
9126.70
9337.37
9194.30
9435.08

0.00
0.00

9261.59
8252.49
8776.18
9553.19

0.00
8031.06
8431.16

0.00
8506.57
8195.21

2009
ELEVATION

8479.21
8562.45
9555.94
9356.75
8910.02
9394.63
8374.26
9269.56
9579.33
8254.91
9117.69
9533.37
8365.23
9028.94
9646.86
9398.96
8289.98
8814.88
8366.1 I
8148.77
9621.76
8901.95
8251.62
9541.25
9300.94
8517 .50
8378.11
8597.57
9365.24
8240.99
9358.00
8565.57
8424.75
9390.96
9125.99
9335.91
9193.89
9432.76
9458.03
8752.84
9259.28
8252.69
8774.71
9549.98
8286.20
8032.81
8427.61
8790.53
8506.1 8
8195.52

POINT

1876
1877
1878
1879
1881
1882
1 883
1884
1 885
1886
1 887
1888
1889
1 890
1891
1892
1893
1 894
1 895
1 896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1 908
1909
1 9 1 0
1911
1912
1 9 1 3
1914
1 9 1 5
1 9 1 6
1917
1 9 1 8
1 9 1 9
1920
1921
1923
1924
1925
1 926
1927

20a3t2007 2009
ELEVATION DIFFERENCEEASTING

2091868.203
2091872.375
2091874.490
2091878.500
2091885.498
2091889.1 33
2091897.431
2091897.486
2091898.086
2091918.24A
2091919.894
2091920.842
2091924.586
2091930.557
2091940.919
2091945.522
2091986.513
2092023.454
2092096.726
2092134.566
2092151.254
2092152.827
2092153.060
2092154.147
2092161.489
2092165.792
2092167.032
2092169.188
2092170.483
2092171 .916
2092173.902
2092180.992
2092189.1 28
2092193.1 49
2092193.522
2092194.578
2092197.628
2092197.647
2092211.801
2092212.296
2092212.899
2092219.420
2092227.215
2092229.309
2092280.802
2092314.468
2092324.764
2092407.267
2092416.179
2092439.825

NORTHING

418843.725
419092.807
414963.523
41581 2.579
412896.043
415556.622
417659.706
416136.206
414681.578
418379.225
413281.945
414100.638
418601.660
416508.274
414406.193
413841.779
417900.300
412562.598
41 1598.650
418287.790
414300.354 ,,

416732.554
410325.020
414661.828
416132.595
419144.920
418846.667
411923 .535
415853.677
411242.650
415533.904
417341.561
409962.283
415236.636
412996.335
413583 .919
416373.804
413794.809
414931.782
416996.293
413378.886
418550.607
412237.325
414069j43
417930.745
410848.433
417659.667
417029.630
419147.424
418527.105

-0.98
-0.65
-0.79
1 .05
-3.83
-5.79
0.00
0.35
-1.23
0.98
0.33
-2.25
-0.55
-2.93
-0.52
-1 .39
0.00
-0.24
-0.03
0.34
-1.42
0.00
-1.72
-3.68
-0.60
0.65
-4.02
-2.45
0.00
1 .71
3.86
0.00
0 .14
0.00
-0.71
-1.46
-0.41
-2.32
0.00
0.00
-2.31
0.20
-1.47
-3.22
0.00
1 .75
-3.55
0.00
-0.39
0.31

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1928
1929
1 930
1 9 3 1
1932
1 933
1 934
1935
1 936
1937
1 938
1 939
1940
1941
1942
1943
1944
1945
1 946
1947
1 948
1 949
1 950
1951
1952
1 953
1954
1 955
1 956
1957
1958
1 959
1 960
1961
1962
1 963
1964
1965
1966
1967
1968
1 969
1970
1971
1972
1973
1974
1975
1976
1977

NORTHING

414655.667
411623.%A
415845.645
413786.146
412005.488
418848.468
417651.519
417936.866
418295.537
413442.375
417346.348
414356.063
416129.922
414975.820
416728.358
416457.501
413191.305
415529.753
415247.356
4141A7.259
409938.962
412856.224
411211.919
410314.767
410875.245
417649.030
413146.422
418554.264
412328.215
41433A.502
414053.567
419159.456
415260.372
415521.545
414942.953
414649.642
416452.100
416746.038
41 8868.1 90
413522.795
413869.573
417359.489
416255.319
417062.767
412922.755
418245.708
415875.416
417964.133
412024.783
411642.244

9474.84
851 7 .1  3

0.00
9508.58
8692.92
8317.89

0.00
0.00

8079.84
9374.19

0.00
9553.15

0.00
0..00
0.00

9204.45
9312.04

0.00
0.00

9600.52
8231.81
9254.82
8280.80
8071.73
8132.75
8456.57
9389.09
8121.97
9003.53
9508.77
9562.00
8471 .46

0.00
9149.86

0.00
9383.84

0.00
0.00

8293.01
9516.03
9605.96

0.00
9301.88

0.00
9307.81

0.00
9185.66

0.00
8836.82
8611.11

2009
ELEVATION

9473.38
851 5 .1  0
9286.77
9506.23
8690.52
8317.62
8432.59
8287.72
8078.49
9374.19
8608.64
9553.10
9312.40
9356.43
8976.54
9203.15
9310.41
9244.28
9300.28
9598.90
8232.68
9254.87
8281.75
8069.80
8132.22
8457.01
9388.75
8121.53
9002.31
9507.05
9559.96
8471.57
9184.47
9146.04
9282.64
9383.18
9222.52
9009.65
8290.84
9518.35
9605.22
8622.31
9303.51
8800.49
9306.59
8147.44
9190.58
8286.33
8835.48
8611.17

POINT

1928
1929
1930
1931
1932
1 933
1934
1935
1936
1937
1 938
1 939
1940
1941
1942
1943
1944
1 945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1 958
1959
1960
1961
1962
1963
1 964
1965
1966
1967
1968
1 969
1970
1971
1972
1973
1974
1975
1976
1977

EASTING

2092448.361
2492449.926
2092450.981
2A92456.619
2092458.837
2092463.034
2092466.239
2492466.265
2092467.234
2092468.819
2092470.103
2092471 .694
2092473.299
2092474.010
2092474.864
2092474.942
2092475.505
2092476.563
2092482.793
2092499.312
2092520.678
2092563.564
2092592.396
2092665.118
2092699.266
2092721.781
2092757.514
2092768.683
2092769.100
2092770.199
2092770.78A
2092771 .964
2092772.067
2092772.758
2492774.736
2092776.811
2092777.189
2092779.365
2092782.520
2092782J99
2092784.285
2092789.244
2092791.234
2092792.475
2092800.238
2092801.060
2092821.927
2092830.909
2A92873.457
2092896.635

20a3t2007 2009
ELEVATION DIFFERENCE

-1.46
-2.03
0.00
-2.35
-2.44
-4.27
0.00
0.00
-1 .35
0.00
0.00
-0.05
0.00
0.00
0.00
-1.30
-1.63
0.00
0.00
-1.62
0.87
0.05
0.95
-1 .93
-0.53
0.44
-0.34
-0.44
-1.23
-1.72
-2.04
0 .11
0.00
-3.82
0.00
-0.66
0.00
0.00
-2.17
2.32
-0.74
0.00
1.63
0.00
-1.22
0.00
4.92
0.00
-1.34
0.06

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

1 978
1 979
1 980
1 981
1982
1983
1984
1985
1986
1 987
1988
1 989
1 990
1991
1992
1993
1 994
1 995
1996
1997
1998
1 999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027

NORTHING

409944.009
410837.480
411235.727
419153.893
417058.981
413422.853
416174.494
417947.222
416442.731
414953.805
41517A.292
417355.600
414322.268
413212.808
414638.754
417653.217
412951.569
418165.592
415844.224
413729.209
416741.030
418840.160
418599.051
414079.475
415467.819
410337 .189
409975.159
412067.340
413561.482
415858.602
412385.467
418845.288
416158.626
419142.031
416561.821
414424.197
417353.478
416753.847
418254.163
417053.525
417654.298
411835 .657
412891.744
414031.656
417913.573
415512.101
413798.945
418617.603
41081  1 .845
415235.672

8091.99
8145.63
8400.91
8378.53

0.00
9493.1 3
9195.69

0.00
9288.38
9221.70
9129.94

0.00
9418.23
9392.05
9335.57
'  0.00
9283.31

0.00
9428.77
9510.55

0.00
8204.30
8067.89
9420.81

0.00
8034.12
8148.73
8760.43
9474.65
8893.53
8875.89
8103.88
8990.63
8217.80
9245.55
9322.50

0.00
0.00
0.00
0.00
0.00

8641.39
9224.03

0.00
0.00

8793.46
9341.85
7968.08
8134.30
8900.19

-0.32
-0.20
-1.45
3.06
0.00
0 .12
2.00
0.00
1 .10
-2.71
-2.53
0.00
-4.61
0.98
-6.61
0.00
0.02
0.00
-1 .72
-0.67
0.00
3 .10
2.61

-12.92
0.00
1 .08
8 .10
-0.49
2.09
2 .16
-3.01
0-36
1 .96
0.94

-16.30
-1 .45
0.00
0.00
0.00
0.00
0.00
0.75
0.00
0.00
0.00
-1.48
12.28
6 .19
-1 .19
2.48

2009
ELEVATION

8091.67
8145.43
8399.46
8381 .59
8840.17
9493.25
9197.69
8318 .85
9289.48
9218 .99
9127.41
8660.47
9413.62
9393.03
9328.96
8485.68
9283.33
8196.94
9027.05
9509.88
9062.48
8207.40
8070.50
9407.89
8929.49
8035.20
8156.83
8759.94
9476.74
8895.69
8872.88
8104.24
8992.59
8218.74
9229.25
9321.05
8686.88
9080.33
8195.95
8861.40
8509.03
8642.14
9224.03
9297.99
8378.70
8791.98
9354.13
7974.27
8 1 3 3 . 1 1
8942.67

POINT

1978
1979
1980
1 981
1 982
1983
1984
1985
1986
1987
1988
1 989
1 990
1991
1992
1993
1994
1 995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027

2003t2007 2009
ELEVATION DIFFERENCEEASTING

2092914.291
2092969.815
2092985.754
2093033.677
2093051.079
2093067.449
2093071.359
2093A71 .823
2093072.381
2093074.701
2093078.622
2093079.510
2093079.919
2093080.945
2093081.059
2093081.590
2093A81.702
2093083.266
2093083.964
2093085.303
2093092.682
2093101.117
20931 03.1 38
2093104.420
2093106.272
2093180.365
2093280.339
2093308.542
2093309.537
2093323.856
2093343.992
2093355.807
2093357.532
2093358.667
2093363.569
2093364.913
2093370.246
2093370.365
2093370.673
2093370.980
2093371.073
2093372.973
2093377.934
2093378.110
2093386.094
2093389.707
2093390.717
2093392.234
2093409.757
2093418.940

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2A49
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2064
2065
2066
2067
2068
2069
2070
207 1
2072
2073
2074
2075
2076
2077
2078

EASTING

2093442.274
2093452.755
2093461.917
2093477.252
2A%564.743
2093571.862
2093591.675
2093595.694
2093601.227
2093613.618
2093630.592
2093638.1 96
2093648.007
2093649.963
2093652.371
2093664.584
2093665.347
2093667.681
2093669.057
2093670.467
2093670.800
2093671.211
2093671.577
2093671.587
2093672.638
2093677.843
2093681.851
2093683.488
2093688.168
2093695.008
2093704.218
2093754.915
2093772.279
2093773.464
2093779.021
2093827.953
2093830.170
2093917 .827
2093947.967
2093948.027
2093961.689
2093962.747
2093965.021
2093971.255
2093972.939
2093973.664
2093976.897
2093994.769
2094004.049
2094022.478

NORTHING

411235.617
41 1560.260
414545.759
414881.404
413520.442
41066A.243
410346.587
410945.632
412095.560
413146.542
416421.293
412846.844
417926.736
418667.168
417645.907
41 3504.1 88
418857.112
412523.744
418233.245
417353 .186
413717.087
411765.652
414054.141
415241.263
416612.828
415521.267
414921.600
415909.172
419126.054
411496.007
416152.733
414406.770
414622.368
410489.157
417137.431
410840.081
411226.468
414715.361
411534.948
412929.324
413253.878
415262.484
412161.109
413429.424
414949.529
414000.731
413751.430
411139.435
412550.060
411923 .000

8355.50
8517.51
9297.14
9139 .18
9388.76
7977.85
7964.34
8165.47
8633.30
9231.08
9002.86
9106.87

0.00
7948.63

0.00
9353.17
8067.33
8865.93
8213.58

0.00
9294.43
8490.99

0.00
8802.95
9193.39
8682.52
8971.56
8740.67
8156 .18
8377.55
8823.94
9111 .90
9140.07
7906.29

0.00
8138.01
8242.90
8974.93
8265.89
9105 .18
9258.68
8680.88
8615.72
9280.32
8822.77

0.00
9157.22
8133.41
8851.54
8505.75

2009
ELEVATION

8354.86
8516.47
9296.54
9136.57
9390.69
7978.16
7958.84
8163.78
8631.73
9229.17
9006.1 6
9107.97
8348.91
7951 .91
8509.57
9353.96
8069.20
8867.15
8214.93
8680.24
9292.39
8490.1 1
9149.55
8797.45
9193.94
8687.22
8966.51
8741.58
8160 .05
8375.90
8826.24
9112.19
9139 .80
7904.41
8807.19
8135.42
8241.83
8974.10
8263.16
9104 .31
9253.94
8679.48
8612.38
9282.51
8822.90
9065.87
9147.59
8131.28
8848.40
8504.02

2003t2007 2009
ELEVATION DIFFERENCE

-0.64
-1.04
-0.60
-2.61
1 .93
0.31
-5.50
-1.69
-1 .57
-1 .91
3.30
1 .10
0.00
3.28
0.00
0.79
1 .87
1 .22
1 .35
0.00
-2.04
-0.88
0.00
-5.50
0.55
4.74
-5.05
0.91
3.87
-1.65
2.30
0.29
-0.27
-1.88
0.00
-2.59
-1 .07
-0.84
-2.73
-0.87
-4.74
-1.40
-3.35
2 .19
0 .13
0.00
-9.64
-2.13
-3.14
-1.73

POINT

2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2064
2065
2066
2067
2068
2069
2070
207 1
2072
2073
2074
2075
2476
2077
2078

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

2079
2080
2081
2082
2083
2084
2085
2086
2087
2088
2089
2090
2091
2093
2094
2095
2096
2097
2098
2099
2100
2101
2102
2103
2104
2105
2106
2107
2108
2109
2110
2112
2113
2114
2115
2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2126
2127
2128
2129
2130

EASTING

2094029.398
2094067.556
2094156.598
2094230.098
2094231.119
2094245.772
2094247.397
2094272.376
2094275.835
2094284.439
2094290.025
2094294.360
2094326.521
2094340.846
2094358.830
2094372.052
2094373.487
2094476.766
2094518.287
2094529.387
2094540.412
2094546.623
2094569.415
2094577.203
2094579.145
2094583.443
2094590.945
2094604.441
2094618.793
2094684.645
2094730.613
2094802.812
2094803.733
2094811.742
2094818.068
2094828.828
2094829.869
2094833.176
2094852.063
2094864.480
2094904.138
2094924.796
2094933.029
2094953.568
2094999.032
2095088.008
2095098.603
2495127.231
2095138.856
249il47.874

NORTHING

410730.564
414286.497
410390.650
411471.664
412147.536
413351.172
412793.961
414956.856
413916.422
415225.312
413572.909
411815.424
412437.556
414649.826
411106.713
410828.595
414343.031
413581.295
413321,514
413948.973
411481.074
412151.639
411876.136
414960.711
412499.555
414370.462
410664.194
414711.967
415251.548
412811.619
411271.643
413854 .108
413549.750
413322.922
414489.473
414845.361
414182.916
410800 .128
41i120.504
415242.099
412558.289
412855.439
411417.594
411805.084
412161 .184
415285.972
413402.231
413619.940
413155.485
414321.778

7940.14
0.00

7961.57
8290.15
8677.35
9269.77
9070.58
8688.28

0.00
8573.61
9201.41
8498.04
8876.36
8688.14
8123.35
7939.99
8689.73

0.00
9255.49

0.00
8377.97
8788.82
8625.59
8501.87
9100.66

0.00
7857.16
8489.78
8403.88
9073.21
8198.62

0.00
0.00

9241.09
0.00

8338.98
0.00

7859.32
8060.54
8286.73
8805.56
8929.77
8263.12
8567.11
8672.09
8133.35
9221.49
9093.38
9059.39

0.00

2009
ELEVATION

7940.71
8849.63
7965.68
8290.60
8678.24
9274.74
9070.90
8687.06
8954.35
8563.58
9209.42
8497.15
8877.42
8686.73
8122.93
7939.97
8689.87
9122.22
9257.80
8880.62
8378.63
8787.48
8624.87
8499.65
9097.81
8608.94
7855.53
8489.38
8400.48
9072.47
8199.25
8905.98
9147.32
9245.25
8488.40
8337.53
8686.60
7858.81
8061.42
8286.35
8804.22
8929.14
8263.14
8566.87
8671 .70
8134.63
9219.95
9091.69
9 0 6 1 . 1 7
8594.69

POINT

2079
2080
2081
2082
2083
2084
2085
2086
2087
2088
2089
2090
2091
2093
2094
2095
2096
2097
2098
2099
21AA
2101
2102
2103
2104
2105
2106
2147
2108
2109
2110
2112
2113
2114
2115
2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2126
2127
2128
2129
2130

2003t20a7 2009
ELEVATION DIFFERENCE

0.57
0.00
4 .11
0.45
0.89
0.97
0.32
-1 .22
0.00

-10.03
8.01
-0.89
1 .06
-1 .41
-0.42
-0.02
4 .14
0.00
2.31
0.00
0.66
-1 .34
-a.72
-2.22
-2.85
0.00
-1.63
-0.40
-3.40
-0.74
0.63
0.00
0.00
4 .16
0.00
-1.45
0.00
-0.51
0.88
-0.38
-1.34
-0.63
0.02
-4.24
-0.39
1 .28
-1.54
-1.69
1 .78
0.00

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

2131
2132
2133
2134
2135
2136
2137
2138
2139
2140
2141
2142
2143
2144
2145
2146
2147
2148
2149
2150
2151
2152
2153
2154
2155
2156
2157
2158
2159
2160
2161
2162
2163
2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175
2176
2177
2178
2179
2180

NORTHING

414956.820
411121.552
414619.935
413936.301
410849.418
412050.379
411778.391
412981.314
412428.869
411437.334
412699.966
413350.878
411310.346
413673.849
413999.920
410937.348
414330.742
414798.776
411842.717
412372.736
412627.305
411536.877
413259.554
412112.601
410993.540
415147.588
413877.129
412988.861
413546.003
411252.530
414655.791
414208.573
412694.781
412359.259
411658.74A
411022.869
412160.251
411277 .121
412922.184
414455.143
413265.525
414827.650
4rc593.45A
414140.532
415130 .111
413809.044
411486.628
411759.199
414441.374
413887.091

0.00
8031 .25

0.00
0.00

7842.82
8465.31
8368.21
8897.28
8552.92
8131.28
8709.88
9224.46
8041.48
9051 .75

0.00
7801 .91

0.00
8361.75
8220.43
8460.94
8622.02
8074.19
9120.71
8293.80
7779.03
8 1 5 1 . 8 9
8963.10
8843.52
9202.80
7890.18
8474.15
8722.35
8614.08
8408.37
8025.89
7752.18
8286. 1 6
7820.88
8726.61
8528.28
8963.60
8314.27
9155.97
8689.61
8129 .19
8905.87
7889.18
8032.44
8471.33
879,9.67

2009
ELEVATION

8203.72
8029.88
8400.74
8842.90
7845.36
8466.18
8370.52
8897.35
8553.32
8134.26
8709.04
9224.92
8043.55
9048.68
8821.85
7804.06
8608.81
8358.12
8220.85
8462.84
8624.23
8077.38
9120.46
8295.68
7780.79
8150 .51
8969.91
8845.91
9203.41
7891.32
8471.93
8732.10
8615.63
8409.08
8028.10
7753.36
8286.96
7823.44
8726.09
8530.24
8963.54
8312.43
9156 .61
8693.27
8132.34
8901.34
7891.42
8033.83
8468.86
8799.53

POINT

2131
2132
2133
2134
2135
2136
2137
2138
2139
2140
2141
2142
2143
2144
2145
2146
2147
2148
2149
2150
2151
2152
2153
2154
2155
2156
2157
2158
2159
2160
2161
2162
2163
2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175
2176
2177
2178
2179
2180

2003t2a07 2009
ELEVATION DIFFERENCEEASTING

2095164.424
2095167.851
2095177.921
2095179.007
2095195.298
2095264.714
2095298.662
2095326.686
2095343.853
2095344.088
2095352.526
2095370.566
2095404.916
2095424.985
2095465.874
2095481.194
2095492.218
2095519.451
2095639.445
2095653.860
2095662.321
2095671.259
2095672.619
2095681.474
2095686.852
2095711 .439
2095724.034
2095727.634
2095733.971
2095742.560
2095748.263
2095770.992
2095909.082
2095935.044
2095952.431
2095978.688
2096022.059
2096024.064
2096026.896
2096045.919
2096061 .717
2096064.096
2096070.686
2096078.1 93
2496085.441
2096098.389
2096308.832
2096322.831
2096346.729
2096363.396

0.00
-1 .38
0.00
0.00
2.54
0.87
2.31
0.07
0.40
2.98
-0,84
0.46
2.07
-3.07
0.00
2 .15
0.00
-3.63
0.42
1 .90
2.21
3 .19
-0.25
1 .88
1 .76
-1 .38
6.81
2.39
0.61
1 .14
-2.22
9.75
1 .55
0.71
2.21
1 .18
0.80
2.56
-0.53
1 .96
-0.06
-1 .84
0.64
3.66
3 .15
-4.53
2.24
1 .39
-2.47
-0.14

NorE: All (0) zero elevations and study year are in obscure areas.
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POINT

2181
2182
2183
2184
2185
2186
2187
2188
2189
2190
2191
2192
2193
2194
2195
2196
2197
2198
2199
2200
2201
2202
2203
2204
2205
2206
2207
2208
2209
2210
2211
2212
2213
2214
2215
2216
2217
2218
2219
2224

EASTING

2096366.466
2096388.246
2096396.753
2096427.825
2096428.557
2096435.667
2096454.961
2096462.188
2096469.763
2096641.775
2096661.049
2096675.304
2096694.576
2096724.413
2096742.663
2096852.542
2096860.332
2097043.469
2097088.508
2097156.112
2097164.378
2097172.689
2097187.210
2097208.321
2497217.623
2097222.505
2097224.737
2097238.073
2097245.433
2097269.419
2097373.819
2097426.521
2097457.838
2097462.282
2097473.369
2097480.359
2097488.599
2097 495.771
2097552.161
2097714.743

NORTHING

411138.813
4 1 2 1 2 1 . 6 0 6
413124.541
414149.4A4
415177.775
412444.283
413499.927
414854.369
412846.823
412048.681
411670 .999
413136.429
414343.550
414410.005
412566.370
414814.317
413563.479
415225.866
414145.518
411737.582
413194.448
412412.597
412055.173
412644.618
413848.672
412956.697
413572.232
414420.058
411415.830
414900.753
41 1 930.1 86
412948.889
413489.295
412549.946
412225.102
413169.331
414141.455
413756.152
414466.820
414905.863

7725.12
8227.08
8986.03
8644.73
8083.06
8443.42
8807.26
8270.84
8747.56
8141.16
7948.80
8806.04
8530.1 8
8559.02
8474.7 4
8276.58
8516.98
8109.85
8330.76
7888.59
8571 .84
8230.46
7950.34
8293.40
8236.95
8426.64
8374.84
8211.21
7663.42
8021.34
7895.73
8380.22
8348.25
8095.69
8002.26
8494.35
8065.12
8184.22
8010.44
7761.50

2409
ELEVATION

7726.55
8226.54
8983.74
8644.08
8084.16
8443.33
8808.84
8271 .44
8746.81
8142.63
7952.16
8805.31
8530.96
8560.96
8474.62
8276.67
8517.69
8 1 1 0 . 4 5
8330.71
7887.32
8572.67
8228.80
7951.54
8291.46
8235.72
8428.93
8373.02
8212.07
7662.12
8022.12
7898.35
8379.92
8346.29
8094.92
8001 .33
8493.29
8064.66
8182.48
8012.95
7759.83

POINT

2181
2182
2183
2184
2185
2186
2187
2188
2189
2190
2191
2192
2193
2194
2195
2196
2197
2198
2199
2200
2201
2202
2203
2204
2205
2206
22A7
2208
2209
2214
2211
2212
2213
2214
2215
2216
2217
2218
2219
2220

2003t2007 2009
ELEVATION DIFFERENCE

1.43
-0.54
-2.29
-0.65
1 .10
-0.09
1 .58
0.60
-o.75
1 .47
3.36
-0.73
0.78
1.94
-0.13
0.09
4.71
0.60
-0.05
-1.27
0.83
-1.67
1 .20
-1.94
-1.23
2.29
-1.82
0.86
-1 .30
0.78
2.62
-0.30
-1.96
-0.77
-0.93
-1.06
-0.47
-1.74
2.51
-1.67

NorE: All (0) zero elevations and study year are in obscure areas.
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Crandall Canyon Mine
Macroinvertebrate Study

Septemb er 2009

L.0 Introduction
On September 16, 2009, JBR Environmental Consultants, lnc. (JBR) collected benthic
macroinvertebrate samples from Crandall Creek, which is located near Huntington, Utah. The
samples were collected both upstream and downstream of an underground coal mine operated
by Genwal Resources, Inc. (Genwal) and permitted by the Utah Division of Oil, Gas and Mining
(DOGM) through its coal mining program. The mine, known as the Crandall Canyon Mine, has
been idle for more than two years but intercepted groundwater continues to discharge from the
sealed portals. Crandall Creek is the receiving water for the discharge. Genwal hired JBR to
sample the creek's benthic macroinvertebrates and assess the resultant data to determine
whether or not the mine discharge is affecting Crandall Creek's aquatic community. After giving
some relevant background information, this report describes the data collection and analysis
methodology, provides the laboratory data, and discusses the results of the September 2009
macroinvertebrate study. The report also provides recommendations for future
macroinvertebrates studies in crandall Creek, which are required by DoGM.

L.1 Background
The Crandall Canyon Mine began discharging groundwater in late 1995, and did so more or less
continuously for 12 years. While the mine was operating, groundwater entering the
underground mine had to be collected and pumped to the surface to ensure safe operating
conditions. Except for some passive in-mine settling, groundwater was not treated prior to
being released to Crandall Creek. lts discharge was regulated by the Utah Division of Water
Quality (DWa) through the Utah Pollutant Discharge Elimination System (UPDES) permit
program, and water quality limits were imposed to ensure that Crandall Creek and downstream
water resources were protected. With very few exceptions, those permit limits were met during
the 12 years of near-continuous groundwater discharge.

Subsequent to mine closure in mid-2007, the pumps and other infrastructure were removed
from underground and the portals were sealed. Without active pumping, groundwater
discharge ceased. The UPDES permit continued to be in effect, and the "no discharge" status
was reflected on the monthly discharge monitoring reports. Genwal projected that recovering
groundwater levels would never reach the portal elevations and, therefore, this water would
never again discharge from the mine. However, after about three months with no discharge,
groundwater unexpectedly began flowing out of the mine from beneath the portal seals. lt has
continued without interruption since that time.

JBR Environmental Consultants, Inc. Page 1



While the more recent gravity-flow rates have been similar to the flow rates that were prevalent
during the operational pumping, water quality has been somewhat different since the flow
resumed in early 2008. After several weeks during which samples collected from the initial
gravity discharge contained elevated total dissolved solids (TDS) and certain metals (zinc, nickel,
iron), concentrations of most of the measured constituents diminished and soon returned to a
near-normal level. lron concentrations were the exception - total iron increased from <0.05
mg/1, which was a typical concentration during the active mining and groundwater pumping
activities, to about 1.0 to 2.0 mg/L immediately after the gravity discharge began. After several
months, total iron concentrations appeared to stabilize at about 0.5 mg/L, but in September
2008, iron again began to climb to a concentration that is currently two orders of magnitude
higher than it was during the active mining and pumping period. As an example, concentrations
of 5.1 and 3.0 mg/t of total iron were measured in two groundwater discharge samples that
were collected in the two months prior to the September macroinvertebrate sampling.
Genwal's UPDES permit limit for total iron is 1.0 mg/l. The iron-laden discharge has also
resulted in iron-stained streambed substrate along an approximate 3,000-foot reach of Crandall
Creek immediately downstream of where the groundwater discharge enters the stream. Based
upon water quality sampling, no heavy metals other than iron are present in the discharge
water in any problematic concentrations. The water's pH has been near-neutral or slightly
alkal ine.

Crandall Creek is a small perennial stream that drains a 2,500-acre watershed located within the
bounds of the Manti-La Sal National Forest and conveys flow to Huntington Creek. Genwal's
intercepted groundwater enters Crandall Creek approximately 1.5 miles upstream of the
confluence of those two streams. Both Crandall Creek and Huntington Creek support aquatic
resources, and Huntington Creek is a noted trout fishery. These fish rely in part upon a healthy
and abundant macroinvertebrate community as a food source. The Utah Division of Wildlife
Resources (DWR), in a 1995 letter to Genwal, indicated that Crandall Creek had a small resident
cutthroat population and was also important spawning habitat for trout in Huntington Creek
(Morett i1995).

lron is an essential element for both fish and the macroinveitebrates upon which they rely as a
food source, as well as all other terrestrial and aquatic biota. However, in the aquatic
environment, iron can be harmful or toxic depending upon its chemical form and its
concentration. Largely as a function of the water's pH and its dissolved oxygen content, iron is
typically present in either an insoluble ferric form or a soluble ferrous form. lt can also be
present as an integral component of individual sediment particles whose parent rock contains
iron. While the chemistry of iron in water can be complex and is not fully discussed here, it is
important to note a couple of key points. Commonly, iron found in groundwater is in the
ferrous form, but when exposed to the atmosphere, this dissolved iron often oxidizes to the
ferric form and then precipitates (Hem 1985). These iron precipitates can physically degrade
aquatic habitat by covering bed substrate and organic matter; the covering can also reduce food
sources for both fish and macroinvertebrates. The particulates (either from precipitates or fine

f BR Environmental Consultants, Inc. Page2
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sediments) can clog an organism's gills or filtering apparatus, and thereby hinder oxygen intake.
lron can also precipitate directly onto an organism's body, physically harming its body structure
and function. In its soluble (dissolved) form, iron can also be toxic when ingested by aquatic life;
this is commonly the mechanism of impact in waters where acid mine drainage often elevates
the dissolved concentrations of numerous heavy metals including iron. Pelow and Edmunds
(1999) provide a comprehensive review of acid mine drainage and its effects on
macroinvertebrates.

Taking all of these things into account, EPA has conservatively recommended (nationwide) a
criterion (chronic) of 1.0 mg/L iron, as part of their published National Recommended Water

Quality Criteria for the protection of aquatic life (EPA 2009). Following EPA's recommendation,
Utah, in its Water Quality Standards given at U.A.C. R317-2-14, adopted a maximum dissolved
iron criterion of 1.0 mg/L for all streams that are classed for aquatic wildlife beneficial uses.
DWQ set the Crandall Canyon Mine's UPDES permit limit at 1,.O mg/L total iron to provide
protection at an even more conservative level than the stream standard without accounting for
any dilution effects. However, as noted above, this limit is currently being exceeded. Genwal is
obligated to take measures to bring its groundwater discharge back into compliance with its
UPDES permit. An iron treatment plant was brought online in January 2010, and will
presumably significantly reduce the iron concentration in both Genwal's discharge and Crandall
Creek downstream of the discharge.

Purpose ofStudy
Due to elevatgd iron concentrations associated with Genwal's permitted groundwater discharge
over recent months, the relevant regulatory (DWa, DOCM) and management (U.S. Forest
Service (USFS), DWR) agencies are concerned about the potential impacts of this discharge on
aquatic life. In mid-August, 2009, DOGM issued a Citation for Non-Compliance (#10044) that
required Genwal to engage a qualified biologist to collect macroinvertebrate samples from
Crandall Creek prior to September 30, 2009 and prepare a comprehensive report that describes
and evaluates the study results.

This macroinvertebrate study is intended to meet the DOGM requirements, as well as to
accommodate the USFS's requests for obtaining results that would be comparable with their
routine Huntington Creek benthic studies. lts purpose is to assess both the spatial and temporal
variation in the macroinvertebrate community of Crandall Creek with an eye towards
determining what, if any, iron-caused impacts have occurred in that community. The spatial
assessment was the primary focus of this round of study because it can be based upon the single
set of data that was collected on september 16, 2009. The data set also serves the purpose of
establishing the current baseline condition, with which future sampling results can be compared
to assess changes in the macroinvertebrate community over time as the water quality improves
with treatment.

In addition, study results can be used to assess the overall health of Crandall Creek. Because
they are sensitive to water quality and respond quickly to stressors including water pollutants,

f BR Environmental Consultants, Inc.
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and also because they are fairly stationary within a given stream feature, benthic
macroinvertebrates integrate variations in water quality or other habitat components (Davis et

al 2001). Numerous indices and metrics such as diversity, taxa ratios, richness, and the like can
be calculated and used to assess the macroinvertebrate community at a given site in regard to
its ability to tolerate environmental pollution. The presence or absence of a specific
macroinvertebrate taxon can indicate a perturbation that may not have been captured by grab

samples analyzed for specific water chemistry. ldeally, this study may provide insight on the
general condition of Crandall Creek as well as the iron-specific impact (if any) of Genwal's
discharge on the creek's aquatic community.

2.0 Previous Studies
The macroinvertebrate samples collected on September t6,2009 were not the first such
samples collected in Crandall Creek. ln 1980, prior to the mine start-up, macroinvertebrate
samples were collected at several locations along Crandall Creek. A follow-up
macroinvertebrate study was conducted in 1994, after several years of mine operations; at the
time of sampling, groundwater had not been intercepted in a quantity sufficient to require
surface discharge. While these studies' methodologies and site locations appear to be
somewhat different from each other and from the 2009 study, their results can perhaps provide

some baseline data with which the 2009 Crandall Creek data can be compared. In addition, the

USFS samples benthic macroinvertebrates in Huntington Creek every five years. Brief
descriptions of each of these studies follow.

2.1 Winget Study
As part of the baseline data collection program that was implemented prior to the development

of the Crandall Canyon Mine, macroinvertebrates were collected from Crandall Creek by Robert

N. Winget Environmental Consultants in October, 1980. Although his original report (if one was
prepared) has not been located, a report describing study results is included in Genwal's Mine

and Reclamation Permit (MRP) in Appendix 3-2; the date and author of this report are unclear.

Wingefs samples were collected near the mouth of Crandall Creek (site CC01) and an upstream

site located near the proposed mine disturbance (site CC02). They were collected with a

modified Surber sampler using a stratified random criterion (EPA 1973) to determine exact

sampler placement for each subsample. Mesh size of the Surber sampler and the feature(s) the

stratification was based on are unknown. A limited number of metrics were calculated.

This study indicated that the downstream site had fewer organisms than the upstream site, but
a similar number and diversity of taxa. The sites were rated equal in regard to their aquatic

community's environmental tolerance. While there were variations in taxa, both sites had

representatives of both low- and high-tolerance organisms. The report noted that, based upon

the macroinvertebrate communities observed, the downstream site reflected somewhat poorer

water quality than the upstream site. However, the above-noted indices indicate only slight
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differences' The report also described more desirable physical habitat at the upstream site, due
to the presence of silts and mineral cementation at the downstream site.

7,.7. EIS Study
ln July 1994, Environmental Industrial Services (ElS) collected macroinvertebrate samples in
Crandall Creek as part of a riparian study prior to an expansion of the Crandall Canyon Mine (ElS
1995)' As noted above, intercepted groundwater was not yet being discharged. EIS used a 900-
micron mesh Surber sampler to collect samples at L2 sites within different habitat features
along Crandall Creek' Specific site locations are not known. In most cases, taxonomic
identification was made only to the family level. Functional feeding groups were noted and
formed the basis of discussion in the Els report. other typical macroinvertebrate indices were
not derived or discussed.

The lack of knowledge about site locations limits the value of the 1994 study results. In
addition, the difference in level of taxonomic identification hinders meaningful comparison with
data collected in 1980. lt also makes it difficult to determine tolerance because many families
contain some genera with low tolerance and others with higher tolerance. In sum, this study
provides a very limited means of comparison with either the 1980 study or the 2009 study.

2.3 Other Studies
In the summer of 1983, the UDWR conducted a stream survey on Crandall Creek, which included
some cursory macroinvertebrate information. While no report on the survey has been located,
field data sheets are included in Genwal's MRP, in Appendix 3-2. A data sheet describing
conditions near the confluence of crandall and Huntington indicates that the overall
macroinvertebrate abundance was tparse" and that the major taxa represented were of the
orders Ephemeroptera (mayfly) and Tricoptera (caddisfly).

ln 1'984, the Manti-La Sal National Forest began monitoring macroinvertebrate communities in
several locations along Huntington Creek. Samples are collected approximately every five years.
In 1994 and 1995 (the last years for which published results are available), Huntington Creek,s
macroinvertebrate community was between 72 and 78 percent of its potential, based upon
calculated Biotic Condition Indices (U.s. Forest Service 2001). Unpublished sampling results
from 2002 reportedly indicated improvements; results from the 2007 surveys are not yet
available (Jewkes, personal communication 2009).

3.0 Site Selection and Site Descriptions

3.1 Site Selection
As required by DOGM, macroinvertebrate sample sites were to be located both upstream and
downstream of the crandall canyon Mine. In that way, the upstream site would be located
outside of any potential influence of the mine's groundwater discharge and could serve as a
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reference site. DOGM also required that sites be selected with their input, as well as with input
from the USFS and DWR.

On September 3, 2009, representatives from JBR, DOGM, and USFS met at the Crandall Canyon
Mine to identify the broad reaches wherein macroinvertebrate collection sites would be located
(DWR chose not to participate). All three representatives agreed that three reaches would be
selected: the previously mentioned upstream location and two reaches downstrearn of
Genwal's groundwater discharge. one of the downstream reaches would be located within the
stream section where iron-stained substrate is visible, and the other would be located further
downstream outside of the visibly impacted substrate. This selection would enable not only a
comparison of results from the upstream reference site and the downstream sites, but would
further delineate the receiving waters into two reaches. This would potentially allow for a
determination of the spatial extent of impacts (if any) due to Genwal's discharge.

Through a field examination of the stream on September 3rd, these three broad stream reaches
were further defined. The intent was to provide a general reach location from which a specific
measured reach could be delineated at the time of sampling. The uppermost reach (CRANDUP-
01) was defined to be upstream of, but close to, the flow measurement flume located near the
upstream edge of the upper parking lot. This site is outside of any influence of the mine's
groundwater discharge. The middle reach (CRANDMD-02) was selected to include the area
immediately downstream of the discharge location where flow mixing, aeration, and iron
precipitation are occurring. ln regard to potential iron impacts, this site would presumably
represent the worst water quality and stream substrate conditions. The downstream reach
(CRANDLWR-03) was chosen to be immediately upstream of the mine road crossing near the
confluence with Huntington Creek. This site would have the potential to reflect either
continued impacts, reduced impacts, or no impacts from the mine discharge.

3.2 Site Descriptions
Sample reaches were delineated at each location identified in the previous section (CRANDUP-
01, CRANDMD-O2, and CRANDLWR-O3) following the methods outlined in the Environmental
Monitoring and Assessment Program (EMAP) Field Operations Manual for Wadeable Streams
(EPA 2001'). EMAP specifies that a sample reach should be 40 times the average width of the
stream channel or a minimum of 150 meters if the average channel width is less than four
meters. Due to the small size of Crandall Creek throughout its length (average width less than 4
meters), sample reaches of 1.50 meters were defined for this study. A principle feature of the
EMAP sampling reach is that 11 cross-section transects are established at regular intervals, with
macroinvertebrate samples taken at each transect. The start and end points of the sample
reaches were flagged and labeled Transect "A" and Transect "K" respectively. Between these
points an additional nine transects were identified. These transects were spaced equally, 15
meters apart, and labeled Transects ',8,, through ,,J.,,
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3.2.I CRANDUP.OI
The downstream endpoint for the upstream site, CRANDUp-01, was established approximately 2
meters above the flow measurement flume and it extended upstream approximately 150
meters (Figure 1). All transects, including end points, were flagged with yellow construction
flagging labeled with the appropriate transect letter. Crandall Creek within this reach is a
relatively narrow, steep headwater stream. Stream morphology is generally riffle-pool, with
several beaver ponds; there are few meanders. Channel width is generally less than 1 meter,
with the exception of the beaver ponds. The reach is bordered by abundant riparian vegetation,
composed primarily of willow (So/ix spp.) and redosier dogwood (Cornus sericeal. Substrate
within the reach is primarily coarse gravel and small cobble; however, substrate within the
beaver ponds is primarily silt and fine sediment. Figure 2 shows the stream at the downstream
endpoint (Transect A) as seen several weeks following sampling (5 November 2009).

Figure 2. view upstream from the downstream endpoint (Transect Al of cRANDUp-Ol

3.2.2 CRANDMID.Oz
The CRANDMD-02 reach was established directly below the mine water discharge (Figure 1).
The upstream endpoint (Transect K) was located approximately 5 meters downstream of the
discharge point, with the reach extending downstream approximately 150 meters. All transects,
including end points, were flagged with yellow construction flagging labeled with the
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appropriate transect. Crandall Creek within this reach is a bit wider than at CRANDUP-01, with
an average width between L and 2 meters. Stream gradient is considerably steeper than at the
other sites and stream morphology is generally step-pool, with a large cascade approximately 50
meters down from the upstream endpoint (near Transect G). There are also several large
beaver ponds within the reach. Riparian vegetation is less dense than at CRANDUP-02 and
includes willow, redosier dogwood, and conifers. Substrate within the reach is primarily coarse
gravel and cobble, with silt and fine sediment within beaver ponds and large runs. Substrate is
heavily stained throughout the reach by iron precipitates. Figure 3 shows the reach at its
upstream endpoint (Transect K) as seen several weeks following sampling (5 November 2OO9).

Figure 3. View downstream from the upstream endpoint (Transect K) of CRANDMID-02

3.2.3 CRANDLWR-03
The downstream endpoint for the downstream site, CRANDLWR-03, was established
approximately 2 meters above where Crandall Creek passes under the mine road. lt extended
upstream from that point approximately 150 meters, with all transects flagged as described for
the other sites. Crandall Creek within this reach remains relatively narrow and is lower gradient
than the two upstream sites. Stream morphology is generally riffle-run, with several beaver
ponds and several long runs. Riparian vegetation is similar in composition to CRANDMD-02,
with conifers, willows, redosier dogwood, and some cottonwood (Poputus spp.l. Substrate
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within the reach is primarily gravel; however, substrate within beaver ponds and large runs is
primarily silt and fine sediment. Figure 4 shows the stream at the downstream endpoint
(Transect A) as seen several weeks following sampling (5 November 2009).

Figure 4. View upstream from the downstream endpoint (Transect A) of CRANDTWR-03

4.O Methods
JBR collected macroinvertebrate samples from the three above-described stream reaches on
Crandall Creek. Sample collection methodology was generally based upon the reach-wide
sample methodology outlined in the (EMAP) Field Operations Manual for Wadeable Streams
(EPA 2001). The specific application of the reach-wide sample methodology was modified as per
discussions with the Manti-La Sal National Forest fisheries biologist who is responsible for USFS
macroinvertebrate sampling on the Forest. Section 4.1 below describes the modified
methodology. The collected and preserved samples were then delivered to the National Aquatic
Monitoring Center (the Buglab) in Logan, Utah for processing and taxonomic identification. The
Buglab is a cooperative venture between the U.S. Bureau of [and Management (BLM) and Utah
State University. lts focuses on processing macroinvertebrate samples, and processes a large
percentage of the samples collected on federal land in the western U.S. The DWQ Monitoring
Manual (DWa 2005) specifies that macroinvertebrate samples be processed by the Buglab.
DWQ s methodology is described in Section 4.2., and the Bublab's complete report (Miller 2009)
is attached as Appendix 1.
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4.I Sample Collection Methods
The EMAP methodology for the reach-wide sample specifies that one macroinvertebrate
subsample is taken at each of the eleven transects within the delineated reach. These
subsamples are then combined into a composite reach-wide sample. The sample location at the
first transect is randomly selected using a six sided dice (i.e., sample is taken at a location 25,50,
or 75 percent of the distance from the channel's left edge depending upon the roll of the dice),
with the sampling point at subsequent transects chosen systematically. However, the Manti-La
5al National Forest regularly collects only 4-5 macroinvertebrate subsamples within each reach,
which are then combined into a single composite sample. The 4-5 subsamples are collected
from as many habitat types as possible in order to sample the full range of habitat types present
within the reach. In order to be more consistent with the methodology used by the Forest, the
EMAP reach-wide sample methodology was modified to only include five samples. However, to
keep the modified methodology as similar to EMAP procedure as possible (which improves
consistency and keeps the samples as replicable as possible), the five samples were collected at
every other transect starting with Transect B. The exception was at CRANDMD-02, where one of
the samples was taken at an adjacent transect in order to sample a large run that was different
than other habitat types within the reach. At the other sites, sampling at every other transect
sufficiently captured the range of habitat types present in the reach.

As Crandall Creek is a narrow stream at all sites, and particularly CRANDUP-01, sample location
at each transect was not chosen randomly or systematically, rather the site that was most
suitable to sampling was chosen (i.e., the location that allowed placement of the sampler). All
sampling was conducted using a L,000-micron mesh Surber sampler. This is also a modification
of the EMAP procedures, which specifies a S0O-micron mesh kick net. In a couple of cases, a
transect directly intersected a beaver dam and the sample was taken below the beaver dam, as
sampling the lentic environment behind the dam would not have been feasible using a Surber
sampler. None of the transects directly intersected a beaver pond. The samples were collected
in a downstream-to-upstream order to avoid including organisms dislodged from upstream
samples.

For sampling transects the following procedures were utilized.

1. The Surber sampler was quickly and securely positioned on the bottom of the channel
with the opening facing upstream. Gaps between the frame and substrate were
minimized.

2. The sample area was checked for heavy organisms, such as mussels and snails. Any such
organisms were placed into the composite sample bucket. All substrate particles larger
than golf balls and that were at least halfway into the sample area were picked up and
rubbed with hands or a brush to dislodge organisms into the net. Particles that were
more than halfway outside the sample area were pushed aside and not sampled. After
particles were washed, they were placed outside of the sample area.

f BR Environmental Consultants, Inc. Page 10



3' starting at the upstream end of the sample area, the remaining substrate was kicked
vigorously for 30 seconds. The water was allowed to clear before removing the net
from the water column.

4' The net was lifted out of the water then quickly immersed several times to concentrate
sample material in the end of net. Care was taken not to further disturb channel
substrate with the net, or allow for organisms to escape.

5' The net was inverted into the composite bucket, which had been % to % filled with
stream water' The net was inspected for clinging organisms and forceps were used to
place these organisms into the bucket.

6. The net was rinsed in the stream before moving to the next transect.

7 ' The dominant substrate and habitat type were recorded on the field data sheet.

After sampling was completed at the five transects, the following procedures were employed to
prepare a Multi-Habitat composite index sample to be sent to the lab.

The contents of the sample bucket were manually swirled to separate organisms from
the sample material. The sample material was poured through a 300-micron mesh sieve
and the inside of the bucket was inspected for organisms. Organisms were rinsed off
any large objects (rocks, organics, etc.) with a spray bottle fil led with stream water
before discarding the objects. Additional serial bucket rinses were employed until no
remaining organisms were noted in the sample bucket.

Using the spray bottle, the sample material inside the sieve was rinsed to one side and
transferred into the sample container using as little water as possible. The sieve was
carefully examined for clinging organisms and these were placed into the sample bottle
using forceps.

The sample container was completely fil led with 95-percent ethanol so that the final
concentration was between 75 and g0 percent. The container was slowly tipped
horizontally and rotated to alrow comprete mixing of the ethanor and sampre.

sample containers were labeled with the information listed below. A duplicate of this
label was written on ethanol-safe paper and placed inside of the container. Samples
were then delivered to the Buglab for analysis.

* Type of Sample (multi-habitat)
* Stream Name

Forest (Manti-La Sal National Forest)
Date and Time of Collection
Number of Jars

1..

2 .

4.

*
r*

*
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4.2 Analysis Methods
As noted above, the Buglab identified the taxa represented in the macroinvertebrate samples
that JBR collected. The lab processed the samples using methods similar to those
recommended by the United States Geological Survey (Cuffney et al 1993, as referenced in
Miller 2009). Because the samples contained fewer than 600 organisms, 100 percent of the
sample material was processed (if more than 600 organisms had been present per sample, a
sub-sampling procedure would have been used). Generally, organisms were removed under a
dissecting microscope at 10-30 power and separated into taxonomic orders. Organisms were
then identified to a lower taxonomic level (family, genus, and/or species, as feasible). Once
identified and counted, samples were placed in 20-ml glass scintil lation vials with polypropylene
lids in 70% ethanol, given a catalog number, and retained. The results report (Miller 2009)
includes a complete list of taxa and the number of organisms by taxa (see Appendix 1).

The Buglab also provided data summaries and calculated various indices and metrics (Miller
2009), many of which will be discussed in the results discussion. These include: abundance,
total taxa richness, EPT (Ephemeroptera, Plecoptera, and Trichoptera) taxa richness,
Ephemeroptera taxa richness, Plecoptera taxa richness, Trichoptera taxa richness, percent EPT
abundance, percent Ephemeroptera abundance, percent Chironomidae abundance, Intolerant
taxa richness, percent tolerant organisms, Hilsenhoff Biotic Index, percent contribution of the
dominant taxon, clinger taxa richness, percent clinger abundance, percent collector-filterer
abundance, and percent scraper abundance. Definitions/descriptions of these individual metrics
and their usefulness are provided below and are taken almost verbatim from the Buglab's data
report (Miller 2009). More detail and references for how calculations were made are also given
in their report, which can be found in Appendix 1.

Taxa richness - Richness is a component and estimate of community structure and stream
health based on the number of distinct taxa. Taxa richness normally decreases with decreasing
water quality. ln some situations organic enrichment can cause an increase in the number of
pollution tolerant taxa. Taxa richness was calculated for operational taxonomic units (OTUs)
and the number of unique genera, and families. The values for operational taxonomic units may
be overestimates of the true taxa richness at a site if individuals were the same taxon as those
identified to lower taxonomic levels or they may be underestimates of the true taxa richness if
multiple taxa were present within a larger taxonomic grouping but were not identified. All
individuals within all samples were generally identified similarly, so that comparisons in
operational taxonomic richness among samples within this dataset are appropriate, but
comparisons to other data sets may not. Comparisons to other datasets should be made at the
genera or family level.

Abundance - The abundance, density, or number of aquatic macroinvertebrates per unit area is
an indicator of habitat availability and fish food abundance. Abundance may be reduced or
increased depending on the type of impact or pollutant. Increased organic enrichment typically
causes large increases in abundance of pollution tolerant taxa. High flows, increases in fine
sediment, or the presence of toxic substances normalty cause a decrease in invertebrate
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abundance. lnvertebrate abundance is presented as the number of individuals per square
meter for quantitative samples and the number of individuals collected in each sample for
qualitative samples.

EPT - A summary of the taxonomic richness and abundance within the insect orders
Ephemeroptera, Plecoptera, and Trichoptera (EPT). These orders are commonly considered
sensitive to pollution (Karr and chu 199g, as referenced in Miller 2oo9).

Percent Gontribution of the dominant famity or taxon - An assemblage largely dominated
(>50%) by a single taxon or several taxa from the same family suggests environmental stress.
Habitat conditions likely limit the number of taxa that can occur at the site.

Shannon Diversity Index - Ecological diversity is a measure of community structure defined by
the relationship between the number of distinct taxa and their relative abundances. The
Shannon Diversity Index was calculated for each sampling location for which there were a
sufficient number of individuals and taxa collected to perform the calculations.

Evenness - Evenness is a measure of the distribution of taxa within a community. Value ranges
from 0-1 and approach zero as a single taxa becomes more dominant.

Clinger taxa 'The number of clinger taxa have been found by Karr and Chu (1998, as referenced
in Miller 2009) to respond negatively to human disturbance. These taxa typically cling to the
tops of rocks and are thought to be reduced by sedimentation or abundant algal growths.

Long-live taxa - The number of long-lived taxa was calculated as the number of taxa collected
that typically have 2-3 year life cycles. Disturbances and water quality and habitat impairment
typically reduces the number of long-lived taxa (Karr and Chu 199g, as referenced in Miller
200s).

Biotic indices ' Biotic indices use the indicator taxa concept. Taxa are assigned water quality
tolerance values based on their tolerance to pollution. Scores are typically weighted by taxa
relative abundance' In the Usthe most commonly used biotic index is the Hilsenhoff Biotic Index
(Hilsenhoff 1987, Hilsenhoff 1988, as referenced in Miller 2009). The USFS and BLM throughout
the western U'S. have also frequently used the USFS Community Tolerance euotient.

Hilsenhoff Biotic Index - The Hilsenhoff Biotic Index (HBl) summarizes the overall pollution
tolerances of the taxa collected. This index has been used to detect nutrient enrichment, high
sediment loads, low dissolved oxygen, and thermal impacts. lt is best at detecting organic
pollution. Families were assigned an index value from O (taxa normally found only in high
quality unpolluted water) to 10 (taxa found only in severely polluted waters). Family level
values were taken from Hilsenhoff (1987, 1988, as referenced in Miller 2009) and a family level
HBI was calculated for each sampling location for which there were a sufficient number of
individuals and taxa collected to perform the calculations. Sampling locations with HBI values of
0-2 are considered clean, 2-4 slightly enriched, 4-7 enriched, and 7-1O polluted. Rather than
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using mean HBI values for a sample, taxon HBI values can also be used to determine the number
of pollution intolerant and tolerant taxa occurring at a site. In this report, taxa with HBI values

52 were considered intolerant clean water taxa and taxa with HBI values >8 were considered
pollution tolerant taxa. The number of tolerant and intolerant taxa and the abundances of
tolerant and intolerant taxa were calculated for each sampling location.

USFS community tolerant quotient - Taxa are assigned a tolerant quotient from 2 (taxa found
only in high quality unpolluted water) to 108 (taxa found in severely polluted waters). The
dominance weighted community tolerance quotient (Cfad) was calculated. Values can vary
from about 20 to 100, in general the lower the value the better the water quality.

Functional feeding group measures - A common classification scheme for aquatic
macroinvertebrates is to categorize them by feeding acquisition mechanisms. Categories are
based on food particle size and food location, e.g., suspended in the water column, deposited in
sediments, leaf litter, or live prey. This classification system reflects the major source of the
resource, either within the stream itself or from riparian or upland areas and the primary

location, either erosional or depositional habitats. The number of taxa and individuals of the
following feeding groups were calculated for each sampling location.

Shredders - Shredders use both living vascular hydrophytes and decomposing vascular plant

tissue - coarse particulate organic matter. Shredders are sensitive to changes in riparian
vegetation. Shredders can be good indicators of toxicants that adhere to organic matter.

Scrapers - Scrapers feed on periphyton - attached algae and associated material. Scraper
populations increase with increasing abundance of diatoms and can decrease as filamentous
algae, mosses, and vascular plants increase, often in response to increases in nitrogen and
phosphorus. Scrapers decrease in relative abundance in response to sedimentation and higher
levels of organic pollution or nutrient enrichment.

Collector-filterers - Collector-filterers feed on suspended fine particulate organic matter.
Collector-filterers are sensitive to toxicants in the water column and to pollutants that adhere to
organic matter.

Collector-gatherers - Collector-gatherers feed on deposited fine particulate organic matter.
Collector-gatherers are sensitive to deposited toxicants.

Predators - Predators feed on living animal tissue. Predators typically make up about 25% of the
assemblage in stream environments and 50% of the assemblage in stil l-water environments.

Unknown feeding group - This category includes taxa that are highly variable, parasites, and
those that for which the primary feeding mode is currently unknown.

In addition, JBR used the Buglab's data set to calculate several other metrics that various
literature sources consistently indicate as being potentially useful for macroinvertebrate
analysis, particularly in regard to potential metals pollution. These are described below.

f BR Environmental Consultants, Inc. Page t4



Ratio of Specialist Feeders to Generalist Feeders - Specialist feeders include shredders and
scrapers and generalist feeders include filterers and gatherers. Generalists are typically more
tolerant to environmental stressors, so their proportion often increases in response to degraded
water quality or stream habitat. This ratio has been used successfully to assess impacts from
mining (Mize and Deacon 2OO2l.

Ratio of EPT to Chironomidae - ldeally, communities have a near-even distribution among all
four of these major groups. The Chironimid Family, in general, is more tolerant than most of the
taxa in the Ephemeroptera, Plecoptera, and Trichoptera orders (Barbour et al 1999). Therefore,
this ratio can indicate environmental stress when it shows disproportionate numbers of
Chironomidae (Davis et al 2001).

Percent Boetis, Hydropsychidae, and Orthocladinae; Ratio of Baetis to all Ephemeroptera -

These two similar measures express the documented higher tolerances of Baetis,
Hydropsychida-e, and Orthocladinae, than other members of their families. Mize and Deacon
(2OO2l among others have used the presence of these taxa when assessing environmental
conditions specific to mining (some studies have found the opposite conclusion with Baetisl
however, the majority appear to consider it one of the more tolerant of the mayflies).

Percent Heptageniidae, Chloroperlidae, and Rhyocophilo; Ratio of Heptageniidae to all
Ephemeroptera - Similarly to the above-noted tolerant taxa, Heptageniidae, Chloroperlidae,
and Rhyacophila were considered by Mize and Deacon (2OO2l when assessing elevated trace
metals impacts. Heptageniidae, Chloroperlidae, and Rhyocophila were chosen due to their
apparent sensitivity to such elements, thus their absence can indicate poor water quality. Many
other authors have associated a lack of Heptageniidae organisms, in particular, with heavy
metals pollution (i.e. Kiffney and Clements 1994).

As with analysis of any set of macroinvertebrate data, multiple metrics and their predicted

response to perturbations (as given by EPA (2009a) and others in the scientific community) will
be relied upon to make a finding of impact or nonimpact in regard to Genwal's groundwater

discharge and Crandall Creek. Whether looking at data from an individual sample, comparing
data from different sites for a spatial assessment, or examining temporal changes, no one metric

can ever be presumed to tell the whole story. First, there is typically some natural variability in

community makeup, so reliance on a single metric can be misleading. Further, some metrics are

better at ascertaining specific conditions than others (i.e. organic pollution versus metals
pollution). For these reasons, most researchers use a variety of metrics and would expect to see
similar indications in several of them before making a conclusion regarding impact to a given

site. In contrast, there is some redundancy among metrics because they use at least some of

the same data. EPA (Barbour et al 1999) and others have developed techniques for combining
various metrics into a single index, and also for ranking sites based upon individual metrics in a

way that a potentially impacted site can be compared to reference sites (known to be
unimpacted). In this study, the low number of sample sites, lack of replicates, and inadequate
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information on historical baseline make these techniques impossible or impractical to use.
Further, the natural variability of any of one these metrics is not known, so it is difficult to
determine whether a difference between sites as shown by one metric is due to degraded
conditions or simply a reflection of natural variability. While a data set conducive to statistical
handling (assigning confidence limits, assessing significance, etc.) would be ideal, and may be
available as sampling continues in the future, those types of data do not currently exist.

Instead, individual metrics were calculated for each site and graphed to provide an easy visual
means of comparison (Appendix 2). Although some metrics are not independent of each other,
there was a specific intent to choose metrics that are of different types (i.e. tolerance as
measured by CTQd, community composition as measured by EPT abundance, feeding
mechanism as measured by specialist-to-generalist ratio), as recommended by EPA (Bafour et al
1999). Metrics that would be expected to decrease as site conditions worsen (i.e. richness) are
shown in blue and those that would be expected to increase as site conditions worsen (i.e. HBI)
are shown in green, further facilitating visual interpretation. Comparisons between CRANDUP-
01. and CRANDMD-02, across matrices, allow an assessment of whether conditions are degraded
below Genwal's discharge. The presumption is that if multiple matrices indicate the same trend
(i.e. impact), there is a greater likelihood that (1) there is a degradation between sites; and (2)

the mine discharge is responsible for the degradation. Similarly, comparisons between
CRANDMD-O2 and CRANDLWR-O3 can be made to assess whether there is a spatial limit to the
degradation (recovered conditions downstream).

5.0 Results and Discussion
The results report that was prepared by the Buglab (Miller 2009) is provided in full as Appendix
1. That report includes the raw data (taxonomic lists of organisms identified, counts, etc.) as
well as numerous tables of various metrics and indices that the lab calculated based upon the
data. Many of these metrics and indices were described in Section 4.2 above. The report (Miller

2009) does not discuss or interpret the study results and this section focuses on those tasks,
beginning with a brief summary of the data and a general discussion of the results. An analysis
of the spatial differences among the three Crandall Creek sites sampled in September 2009
provides the best indication of whether or not Genwal's groundwater discharge has impacted
the reach of stream below the discharge. Only limited comparisons with the older study results
are provided in this report, due to a lack of knowledge about these studies' methodology and
sampling locations, and because few metrics were calculated by their authors. In the future, as
additional samples are collected at CRANDUP-01, CRANDMD-02, and CRANDLWR-03, and results
will be better suited to begin to address temporal trends.

A total of 57 operational taxonomic units (OTU) were identified in the 3-sample set (OTUs are
used as a measure because of the variation in taxonomic levels to which identification is made).
There were members of 28 families and 33 genera present within the sample set, and all of the
insect orders most commonly found in macroinvertebrate communities (Coleoptera, Diptera,
Ephemeroptera, Plecoptera, and Tricoptera) were represented in each of the three samples. In
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addition, individuals from some non-insect classes were identified in all three samples. The
average abundance in the sample set was approximately 560 individual organisms per square
meter, which is lower than generally expected in good quality aquatic habitat. Abundance is
likely to have been higher if the mesh size of the net used for sampling had been finer, as well as
if riffle areas had been the primary focus of the collection efforts. Time of year may also have
affected the overall numbers. However, the fairly low abundance may also provide additional
evidence in support of the following discussion on the overall health of Crandall Creek.

The 2009 results (including, but not limited to, the abundance measured mentioned above)
generally indicate that none of the three Crandall Creek sites was in optimum shape at the time
of sampling. As the first graph in Appendix 2 shows, all three sites were dominated by members
of the order Diptera. Dominance of any single order often indicates an unbalanced system.
Further, while Diptera includes some families or genera that are sensitive to pollution, many
taxa in that order (including the majority of the ones found at Crandall Creek) are quite tolerant
to perturbations. In addition, all three sites had relatively low proportions of the generally
sensitive Ephemeroptera, Plecoptera, and Trichoptera orders. Low proportions of these orders
can be indicative of a stressed system. The two tolerance indices calculated by the Buglab also
indicate a less than ideal aquatic community throughout Crandall Creek. HBI results, when rated
according to the scale provided in Section 4.2 under the HBI description, were at best "slightly
enriched" and at worst "enriched"; none of the three sites would be categorized as "clean" by
this measure. CTed, which can range from about 20 in the best quality streams up to about 1oo
in the poorest, was between 71 and 79 in the Crandall Creek September 2009 samples, which
also indicates a stream that is providing less than ideal aquatic habitat. lt is unknown whether
all of these measures reflect the inherent characteristics of Crandall Creek, or are an indication
of a diminished watershed condition.

Although Crandall Creek as a whole may provide less-than-ideal habitat, all of the sites had at
least a somewhat diverse assemblage of taxa, and all supported at least some taxa that are
considered intolerant to pollution or other habitat alterations. All three sites had individuals
from both the most tolerant taxa (HBl>=8) and the least tolerant taxa (HBl<=2). This is useful
information because it indicates that, while not ideal, there is suitable aquatic habitat in
Crandall Creek, including at the CRANDMD-02 location immediately below Genwal's discharge
point. Whatever effects the discharge may have had, the stream at that location is not devoid
of life, and in fact is stil l supporting some sensitive aquatic taxa, albeit taxa that may be more
sensitive to organic enrichment and perhaps less sensitive to iron.

Knowing that (L) Crandall Creek overall has an aquatic community that is not optimum, and (2)
in spite of Genwal's iron-laden discharge, the creek is stil l supporting aquatic life provides a
useful context for the rernainder of the results discussion. Those two things being said, by most
of the metrics discussed below, there is a less healthy macroinvertebrate community at
CRANDMD-02, immediately below the discharge, than at CRANDUP-01, which is upstream of the
discharge. Further downstream, at CRANDLWR-O3, conditions are generally (by most but not all
metrics) worse or similar to those at CRANDMD-02. Although these metrics do not definitively
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identify iron (either in the water column or on the substrate) as the cause of the noted
impairment, they consistently indicate that Genwal's mine discharge is likely to have impacted
the macroinvertebrate community. And, iron is the most logical culprit. This subject is
discussed in more detail below.

5.1 Spatial Variation in Macroinvertebrate Community
Numerous metrics and indices based upon the September 2009 sampling at CRANDUP-0L,
CRANDMD-02, and CRANDLWR-O3 have been calculated and graphed. These graphs are
included in Appendix 2 and provide the visual means to analyze the spatial variation in the
macroinvertebrate community along Crandall Creek. CRANDUP-o1 is upstream of any potential
impact from Genwal's discharge, CRANDMD-02 is immediately below the discharge where
impacts would presumably be the greatest, and CRANDLWR-O3 is further downstream where
impacts could presumably be either similar those seen at CRANDMD-02 or reduced, thus
indicating a spatial limit to the impact.

Out of the 20 metrics graphed in Appendix 2, all but three indicate a decline in
macroinvertebrate community health between CRANDUP-01 and CRANDMD-02. lt is important
to reiterate that the data for any one metric are insufficient to make a statistical significance
determination of the differences between sites. Some difference would be expected simply due
to natural variations in the measurements and this cannot be determined for any single metric
with the available data. Further, each metric is, at best, simply a likely indicator of a condition
or trend rather than definitive proof. lt is also important to note that some of these metrics are
not independent of each other. All that being said, however, the fact that such a high
percentage of the metrics showed the same trend between these two sites substantiates a
finding of difference and increases the likelihood that the difference is not simply due to natural
variation.

The three metrics that did not indicate a decline in macroinvertebrate health between
CRANDUP-O1 and CRANDMD-02 were Number of Long-lived Taxa, HBl, and Percent Tolerant
Organisms. The first of these metrics (Number of Long-lived Taxa) reflected an increase
between CRANDUP-OI and CRANDMD-O2. However the increase was from two taxa to three
taxa, and is most likely not a real difference or indication of trend, but is simply within normal
statistical variation.

HBl, as noted in Section 4.2, has been used to detect numerous types of water quality problems.
But, it was developed - and is best used for - detecting organic pollution such as would be due to
septic contamination, agricultural impacts, and the like. lt may simply be an unsuitable indicator
for this study (the other tolerance index, the CTQd, uses different tolerance values and showed
an opposite trend to the HBI). Further, there is not a ready explanation for HBI at the upstream
site to be worse than the middle site, or a ready explanation for HBI to be improved by the
addition of Genwal's discharge. The best assumption may be that the HBI variation is simply
due to natural variation and is insignificant.
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The third metric (Percent Tolerant Organisms) that did not follow the dominant trend was
calculated by the Buglab using the same tolerance values as the HBl, so not surprisingly it
followed the same pattern as the HBl. For the same reasons as mentioned above, this may not
be a good indicator for Crandall Creek (all of the other tolerance-based indices that used
difference taxa for the assessment indicated that CRANDMD-02 has a more stressed aquatic
community). Last, it is interesting to note that the high Percent Tolerant Organisms metric at
CRANDUP-01 is due to the overwhelming presence of a single taxon within the Pericoma genus
(in the Psychodidae family within the Diptera order). This pollutant-tolerant taxon comprised a
full 25 percent of all organisms sampled at the most upstream, unaffected site. While Pericomo
is not an uncommon organism in Utah, its presence in such a quantity appears to be unusual
and is not easily explained.

The other 17 metrics pointed towards a decline in the aquatic community between sites
CRANDUP-01and CRANDMD-02. As shown in Appendix 2,they encompass a range of tolerance,
community composition, diversity, and feeding group metrics. Both the CTed Index, which is a
weighted community tolerance index, and Shannon's Diversity lndex, which is a measure of
variety in the macroinvertebrate community, indicated poorer conditions at CRANDMD-02 than
at CRANDUP-OI. Taxa richness and evenness, which are different measures of community
structure, also pointed towards a less healthy stream at CRANDMD-o2. Several metrics
assessing various taxa (Chironomids, Boetis, Hydropsychidae, and Orthocladiinae) that can
withstand poor water quality showed a higher relative abundance of those organisms at
CRANDMD-02 than at CRANDUP-01., supporting the contention of degraded conditions at the
former. Also supporting that contention were several metrics assessing taxa sensitive to poor
water quafity (Heptageniidae, Chloroperidae, and Rhyocophila, specifically, and all EPT taxa
generally). Last, feeding group measures also support the conclusion of these other metrics.
Therefore, based upon the number and variety of metrics that indicate at least some level of
decline in the macroinvertebrate community between these two sites, it appears that
CRANDMD-02 has been subject to some type of perturbation.

Comparing the various metrics (Appendix 2) for CRANDMD-02 and CRANDLWR-o3 does not give
quite as consistent a set of results as the comparison between CRANDUP-01 and CRANDMD-02.
But, out of the same 20 metrics, L6 appeared to indicate either a continuing decline in the
stream health between CRANDMD-O2 and CRANDLWR-03 or a similar condition between the
two. Four metrics indicated improved conditions at CRANDLWR-o3 and generally similar levels
as those measured at CRANDUP-01. These four metrics are Evenness, Percent EPTTaxa, Percent
Chironomids, and EPT:Chironomidae, which are all related to some degree. However, because
Eaetis made up the largest portion of Ephemeroptera at CRANDLWR-O3 (as noted previously,
Eoefis is one of the more pollutant tolerant members of a generally sensitive order), in this case
Ephemeroptera's increase at CRANDLWR-O3 is not necessarily indicative of an improvement at
that site. Overall, with the available data, the majority of the indicators suggest that
CRANDLWR-O3 has also been subject to some type of perturbation.
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5.2 Temporal Variation in Macroinvertebrate Community
As previously mentioned, macroinvertebrate studies were conducted in Crandall Creek in 1980
and 1994. However, those data are of limited use due to unknowns in either sampling locations
and/or collection methodology. Additionally, few if any metrics were calculated by the study
authors. Results from the two sites sampled in 1980 can more easily be compared with the
2009 study because sampling locations were in close proximity: 19808 CC01 is essentially at the
same location as CRANDLWR-O3, and CC02E location is essentially the same as CRANDUP-01.
The 1994 results are not as easily used for comparison in part because site locations are not
known, so are only partially included here.

The 1980 study reported a density (equivalent to total abundance) at the downstream site
(CC01) of an order of magnitude higher than the 2009 data. CC02 density was an order of
magnitude higher than CC01, and thus two orders of magnitude higher than the 2009 data. In
1994, a total of only 329 individuals were collected from 12 sites with a combined area of
slightly more than a square meter. Whether the much-reduced densities in 1994 and 2009
(when compared to the 1.980 results) are due to seasonal flow or life-cycle differences, annual
variation, sampling equipment or methodology differences, or another cause cannot be
determined. While abundance alone is not considered to be a particularly useful number for
assessing ecological impact, these variations may indicate that other comparisons among the
data sets should be approached with caution.

Different dominant families were present in 1980 than were reported in 2009. Nemouridae (a
Plecoptera), was the dominant family represented at the upstream site (CC02) in 1980. lt made
up approximately 26 percent of the total number of individuals sampled. In 2009, Nemouridae
individuals were present, but comprised less than 6 percent of the total density. As in 2009,
Boetls appears to have been the dominant family represented at the downstream-most site
(CC01) in Crandall Creek in 1.980. These small minnow mayflies made up 17 percent of the total
organisms at that site (there was a larger number of Hydracarina organisms reported in the
sample, but this suborder of more than 40 families was not further keyed by family).
Interestingly, the only dominant family from the 1980 and 2009 surveyed sites that was
identified as being present at all during the 1994 survey was Chironomidae.

In 1.980, total taxa richness was reported to be 33 at the upstream site and 31 at the
downstream site. Because the level of taxonomic identification may have been different in the
L980 data set than in the 2009 data set, it may not be appropriate to compare the taxa richness
numbers between the two years. Instead, looking at the spatial difference in 1980 and the
spatial difference in 2009, it appears that total richness was similar at the two sites in 1980, but
by 2009 total richness was markedly decreased at the downstream site when compared to the
upstream site. Similarly, in 1980, EPT richness showed only a slight change downstream
(decreasing from 16 to 14), while in 2009, EPT richness decreased substantially from upstream
to downstream.
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The 1980 data also showed a very slight, almost negligible, decrease in diversity as measured by
the Shannon Diversity Index from the upper site (3.45) to the lower site (3.33). Overall, this
index indicates a degradation of macroinvertebrate community structure between 1980 and
2009, at both the upstream and downstream sites.

While the CTQd was not calculated in the L980 study, the related Actual Community Toterance
Quotient (Craa) was. lt may not be appropriate to compare the 2009 CTQd at a given site with
the 1980 CTQa at the same site, since the equations use to calculate these measures are
different' However, both measures use the same taxa-specific tolerance quotients, so there is
some validity in comparing the spatial trend in 1980 with the spatial trend in 2009. As noted
above, the 2009 CTQd indicated some degradation between the upstream and downstream
sites. ln contrast, in 1980, both the upstream and the downstream sites had a CTQa of 50,
indicating a similar condition in both locations (i.e. no degradation).

Because sampling locations for the 1994 study are not known, and because metrics were not
compiled, that study is less useful for assessing temporal trends beyond what is briefly discussed
above' f nterestingly, several taxa that were prevalent in 2009 were not reported at all in 7994.
No Eaetrs were collected in 1994, though they were found in large numbers both in 1980 and
2009. Whife the 1980 and 2009 data showed significant numbers of Pericoma at the upstream
site (where it was the dominant taxa in 2OOgl, it was not reported at all in 1994. Though a large
number of Pisidiinae Pisidium (a mollusk) was sampled at CRANDMD-02, none were reported in
either 1980 or 1.994.

As noted, there are numerous limitations in assessing temporal trends between 1980 and 2009,
but the 2009 data can provide the basis for comparisons with data that will be collected more
regularly beginning in spring 20L0.

5.3 Indication of Iron,specific Impacts
As described above, the data indicate that there is some degradation in the aquatic community
between CRANDUP-O1 and CRANDMD-O2. That degradation also appears to continue
downstream to CRANDLWR-O3. Attributing the degradation directly to iron in Genwal's
groundwater discharge is problematic. First, there are no specific taxa or collection of taxa that
are known to be absent (or present) in iron-laden waters. Second, there are other variables
besides iron that are at play between CRANDUP-01 and CRANDMD-o2: most noticeably,
Genwal's discharge adds considerably more flow volume and is significantly warmer during at
least fall and winter months. Last, even attributing the change in macroinvertebrate community
to Genwal's discharge as opposed to other factors (either anthropogenic, natural, or due to
inherent variability) is based somewhat on assumptions of cause and effect. However, given
that water quality sampling has verified that iron is present in Genwal's discharge in elevated
concentrations and that the stream bed has been visibly altered by iron precipitates, the most
reasonable assessment is that iron is, at least in large part, responsible for impacts to
macroinvertebrate community downstream of the discharge. Whether these are due to iron
dissolved in the water column, iron present as suspended or colloidal particles, or iron

f BR Environmental Consultants, Inc. Page27



precipitated onto the streambed cannot be distinguished with the available data and the current

level of analysis. However, while there are no known iron indicator taxa, the literature does

provide evidence of macroinvertebrate sensitivity to water containing various heavy metals,

including iron. This type of information provides the basis for much of the following discussion.

While analyzing the effects on macroinvertebrates of using wetlands to treat landfill effluent,

Moolamoottil et al (1999) reviewed literature that discussed iron toxicity and

macroinvertebrates. Their analysis concluded that the EPT taxa were more sensitive to iron and

Diptera were more tolerant, which are similar conclusions as most of the literature that assesses

poor water quality in general. Based upon these measures, as discussed more fully above, there

is support for the finding that iron has affected the macroinvertebrate community in Crandall

Creek. ln contrast, however, their study also included Coleoptera as an iron-sensitive family and

CRANDMD-02 had more organisms in this family than either CRANDUP-01 or CRANDLWR-03.

Two other species of caddisfly l?lossosoma spp. and Neophytax spp.) were also indicated as

sensitive to iron (at least when it results in bacterial blooms), but neither were identified at all in

Crandall Creek, including at the upstream site. Another caddisfly, Hydropsychidae family, was

also considered to be sensitive to iron and iron-loving bacteria by Moolamoottil et al (1999).

But, coming to the opposite conclusion, Mize and Deacon (2003) found members of this family

to be tolerant of trace metals in general. ln any case, this family was more prevalent

downstream of Genwals' discharge than upstream of it.

Much of the knowledge regarding the effects of heavy metals on macroinvertebrate

communities has been derived through study of acid mine drainage (AMD). AMD is known to

degrade the water quality and aquatic habitat of receiving streams by contributing significant

levels of dissolved metals, including iron. Many of the metals typically found in AMD are more

toxic than iron and are more likely to be elevated, so the related literature often does not

specifically address iron, but instead focuses on a constellation of other more toxic heavy

metals. For example, Giddings et al (2001) studied the relationship of trace metals and

macroinvertebrates in several Utah streams, but focused on priority metals such as lead,

mercury, and zinc.

Studies that do include iron as a constituent of concern because it is elevated, often address the

elevation of numerous other metals and low pH that often go hand-in-hand' This makes it

difficult to separate out the effects of iron alone. In a study comparing water quality, sediment,

and macroinvertebrates in mining and nonmining sites in Colorado (Mize and Deacon 2002), the

mining sites were found to have different macroinvertebrate communities than the nonmining

sites. Mining sites had significantly lower total abundance, fewer taxa, and decreased EPT

richness when compared to the nonmining sites. Similarly, a study of mine-affected streams in

Washington found that elevated heavy metals concentrations resulted in decreased density and

diversity of benthic macroinvertebrates, as compared to the non-affected upstream sites

(Peplow 1.999), though iron was not among the metals that were present in the study stream at

high concentrations. The Crandall Creek results showed similar relationships.
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The Mize and Deacon (2002) study also found larger percentages of tolerant species at the
mining sites, and specifically noted that Baetis, Hydropsychidae, orthocladiinae, and
chironomids appeared to be tolerant of elevated trace-element concentrations. Conversely,
they attributed the scarcity of Heptageniidae, Chloroperlidae, and Rhyacophila spp. at mining
sites to their sensitivity to elevated trace-element concentrations. These six taxa were analyzed
in the Crandall data set (see Appendix 2), and similar inferences can be made regarding the
effect of Genwal's discharge.

In a study that attempted to differentiate macroinvertebrate tolerance among specific individual
heavy metals, including iron, Beasley and Kneale (2003) sampled stream sediments subjected to
runoff with varying levels of metal pollution. Among its results were rankings of the five
macroinvertebrate families most sensitive to iron and the five most tolerant. The study
reported some inconsistencies in results (thought in part to be due to the interaction between
variations in life cycle and the seasonality of the sampling) and had a different focus than the
issue being studied in Crandall creek. Even so, the September 2009 Crandall creek
macroinvertebrate lists were compared to the two sets of families to see if there appeared to be
any parallels. While three of the five most iron-sensitive families, as determined in the Beasley
and Kneale (2003) study (Heptageniidae, Perlodidae, and Rhyacophilidae), were among the
families reported in the September 2009 Crandall Creek survey, there were no definitive
relationships. For example, two of the supposedly most iron-sensitive families were found at
CRANDMD-O2 {all three were found at CRANDUP-01. and one was found at CRANDWLR-03).

Heptageniidae is indicated by numerous authors and studies to be one of the best single
indicators for metals pollution over other types of stream perturbations (Kiffney and Clements
1994; clements 1994). Although the previous caveats regarding the use of a single metric stil l
apply, it is noteworthy that this family of Ephemeroptera was found only at CRANDUp-01, where
it made up about 7 percent of all Ephemeroptera individuals samples (see metrics in Appendix
2l'. No organisms in this family were found at either CRANDMD-02 or GRANDLWR-o3. This
provides another strong indication that iron has impacts these downstream receiving waters.

6.0 Recommendations for Future Study
As discussed previously, the data collected in September 2oo9 are primarify useful in assessing
spatial variation in macroinvertebrate communities along Crandall Creek. This allows some
inference into impacts from Genwal's discharge as discussed. However, future studies can
provide the ability to examine temporal variation and provide some tevel of statistical analysis.
In order to make the data comparable between years, some consistency in sampling
methodology should be maintained. However, there were also several shortcomings of the
September 2009 sample methodology that should be addressed. These shortcomings primarily
include the type of net used for sampling and the types of habitats sampled.

The September 2009 sampling was conducted using a 1,000-micron mesh Surber sampler. Both
the EMAP manual and the DWQ manual specifiT using a So0-micron kick net. In a comparison of
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sample methodologies, Lenz and Miller (1998) found that the mesh size used in sample nets
affected the macroinvertebrate community structure indicated by the samples. Specifically,
samples taken using nets with larger mesh sizes had fewer taxa than samples taken with smaller
mesh sized nets. Species and genera richness were also lower in samples collected using nets
with larger mesh sizes. The differences in community structure also led to variation in several
indices, such as percentage EPT and ratio of scrapers to collectors. However, water quality
indices that are based on environmental tolerance values were not affected by the differences
in community structure (Lenz and Miller 1998). Although mesh size does not affect the current
results pertaining to spatial variability and possible impacts (as all sites were sampled using the
same equipment and methods), the reduced abundance and richness noted in the September
2009 samples may be due to the use of a larger mesh size net. As a result, it seems reasonable
at this time to change to a S0O-micron mesh kick net. This would allow for better assessment of
overall stream health relevant to other streams, and many of the water quality indices used in
this report would be comparable. ln addition, use of a kick net would allow more sampling
flexibility, particularly in slow water habitats.

The September 2009 samples were collected from multiple habitat types in each reach. This
allows for a good general assessment of stream health relative to other streams. However,
since the habitat types varied somewhat between each reach, the comparison of data between
sites may not be as robust as if the same habitat types were sampled within each reach. As a
result, JBR recommends that future sampling include both a composite reach-wide sample at
each site (using the same methodology described here), as well as a targeted riffle sample at
each site. The targeted riffle sample would be collected following EMAP methodology, which
collects eight samples from four different riffles in each reach. The eight samples are then
combined into a composite sample that is sent to the lab for analysis. Taking both samples at
each site would allow for a better comparison among sites and a better assessment of impacts,
while stil l allowing for an overall assessment of stream health that can be compared to other
areas on the Manti-La Sal National Forest.

7,0 Summary and Conclusions
f n September 2009, benthic macroinvertebrate samples were collected from three reaches of
Crandall Creek. One reach was located upstream of Genwal's Crandall Canyon Mine
groundwater discharge, which has become iron-laden in recent months. The other two reaches
were located downstream of the discharge. One of the primary goals of the study was to
determine whether the elevated iron concentrations have impacted Crandall Creek's
macroinvertebrate population. Macroinvertebrate community composition at these three
reaches was determined by taxonomic identification of the organisms collected during the
September sampling, and numerous indices and metrics were calculated for ease in interpreting
results.

Overall, the study results indicate that the Crandall Creek macroinvertebrate community
downstream of the mine's discharge has been negatively impacted. Further, results indicate
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that the impact has not been confined to immediately downstream of the discharge; instead it
has occurred as far down as the lowermost sampled site near the mouth of Crandall Creek.
However, both downstream reaches of the creek are stil l supporting a variety of
macroinvertebrates, indicating that the discharge has not rendered the stream sterile. Last, the
study results indicated that even Crandall Creek upstream of the mine discharge is in less than
optimum condition, based on the sampled macroinvertebrate community.

Although there are some historical data for macroinvertebrates in Crandall Creek, these data
were of limited use to assess temporal changes. However, those data generally supported the
conclusions derived from the analysis of the 2009 data set.

Future sampling will provide additional data, which will be used to assess continued impact or
recovery as the iron-laded discharge is treated. Recommendations have been made to refine
the sampling methodology so as to enhance the ability to assess both spatial and temporal
trends.
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Aquatic invertebrate report for samptes collected by JBR Environmental Consultants
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JBR Environmental Consultants
8160 S. Highland Drive

Report prepared by:
Scott Miller
U.S.D.l. Bureau of Land Management
National Aquatic Monitoring Center
Department of Watershed & Sciences
5210 Old Main Hil l
Utah State University

16 October 2009

Sampling Locations

Table 1. Sampling site locations

Elevation (meters)

CRANDLWR-03 Crandall Creek, Lower, Emery County, Utah
CRANDMD-02 Crandall Creek, Middle, Emery County, Utah
CRANDUP-01 Crandall Creek, Upstream, Emery County, Utah

39.464
39.460
39.460

- 1 1 1 . 1 4 6
- 1 1 1 . 1 6 5
- 1 1  1 . 1 6 8

2363
2384
2389



Methods
Field sampling

. Samples.were collecied on September 16, 2OOg fiable 2). Aqustic inverteb€tes were collec{ed quantitatively from rifile
habitats with a Surber net with a 1OOO micron mesh nel.

Labora,try methods

^ General procedur$ for processing invertebrate samples were simitar to those recommended by the United States
Geological Survey (Cufrley et al. 1993) and are described in greater detail and rationalized in Mnson ind Hawkins (1996).
Samples. were suFsampled if the sample appeared to contain- more than 600 organisms. Sub-s€mples were obtained by
pouringlhe sample into an appropdate diameter 5OO micron sieve, floaling this mat;rial by placing lhe iieve within an enamel
pan paltially filled with water and leveling the material within the sieve. The sieve was thi:ri removed fiom the water pan and
the material within the sieve was divided into lwo equal parts. one half of lhe sieve wa8 then randomly chosen to be
processed and the other half set aside. The sieve was then placed back in the enamel pan and the material in the sieve again
leveled and split in half. This process was repeated until approximately 600 organisms iemained in one-half of the sieve. ihis
material was placed into a Petd dish and all organisms were removed under a dissecting microscope at 10-30 power.
Additional sub-samples were taken until at least 600 organisms were removed, All organiams within a sub-.sample were
removed, and separated into taxonomic Orders. \Men thi sorting of the sub-samptes wai completed, the entire sample was
spread throughoLJt.a large white enamel pan and searched fo|l O minutes to remove any laxa that might not have beei picked
up during the initial sample sorting process. The objective of this "big/rare" search was io provide a more complete ta:€ list by
llnolng . rarer- taxa that may have been excluded during the sub-sampling process. These rarer bugs were placed into a
separate vial and the data entered separately from the bugs removed duiirig the sutssampling process. All lire organisms
removed. during the so,ling proc€ss were then identified using appropriate ide;tification keys (see literature cited tist for tist of
taxonomic resources used). Once the data had been entered inlo a computer and checked, the unsorted portion of the sample
was discarded. The identified portion of the sampte was placed in a 20 mt glass scintiltation vial with potyfropylene lids in 70%
ethanol, given a catalog number, and retained. In this reporl, metrics were calculated using data from the iub-sampled and
bigy'rare portions of the sampte. Abundance data are preaented as the estimated number oi individuals per square meter for
quanlitative samples and the estimated number per sample for qualitative samples.

Table 2. Field comments and laboratory processing information.

Sample Station Sampling
Date

Habitat
Sampled

Sampling
Method

Sampling
Area

Sqmts

o/o of Number of Field
sample individuals Comments

processed identified

141394 CRANDUP-01 09/16/2009
141395 CRANDMD-02 09/16/2009
141396 CRANDLWR-o3 09/16t2009

Multiple
Multiple
Multiple

Surber net
Surber net
Surber net

0.46
0.46
0.46

100
100
100

369
275
274



Data !ummarizauon

. A number of metrics or ecotogical summaries can be calculated fmm an aquatic invertebrate sample. A summary and
descriplion of . commonly used meldcs is available in Barbour 

'et 
al. 1i ses,

hftD:/w.ww.eDa.oov/o-wodmgnitorino/rbp/index.html#Table%20oPlo2ocontents) and lGn and Chu (1998). Both of 
'these

publications suggest use of the tottorving meGcs tolasseliii!-IiE-Fealth of aquatic invertebrate assembt"ges, Totat ta<6
richness, EPT ta)€ richness, Ephemeroptera taxa richness, Flecoptera taxa riihness, Trichoptera taxa ridness, % EpT
Slundance' 

yo. Ephemeroptera abundance, % Chironomidae abundance, Intolerant t (a richiess, % toterant organisms,
H_ilsenhoff Biotic Index, % contribution of the dominant taxon, clinger taxa richness, % clinger abundance, % colleclor-filterer
abundance, and the % scraper abundance. Assessments are besamade by comparing samiples to samples coltected similarly
at reference sites orlrom samples collected prior to impacts or management actions al a bcation. In this report, the following
metrics were calculated for each sample

Taxa dchnecs - Richness is a component and estimate of communiv structure and stream health based on the number of
distinct taxa. Taxa richness normally decreases with decreasing watbr quality. In some siluafions organic enrichment can
cause an increase in lhe number of pollution tolerant taxa. Taxa richness *as calculated for operational taxonomic units
(OTU8) and the.number of uniquo genera, and families. The values for operational taxonomic uniti may be overeslimates of
the true taxa richness at a site if individuals were the same taxon as those identified to lower taxonomic ievots or lhey may be
underestimates of the true iaxa richness if multiple taxa were present within a larger laxonomic grouping but ivere'not
identified. All individuals wilhin atl samples were generally identilied similarty, so that-comparisons iriopdrationat taxonomic
richness among samples withln this dataset are appropridte, but comparisons to other da6 sets may not. comparisons to
other datasets should be made at the genera or hmily level.

Abundaice - The abundance, density, or number of aquatic macroinvertebrates per unit area is an indicator of habitat
availability and fish food abundance. Abundance may be ieauced or increased OepehOing on the type of impact or polluhnt.
lncreased organic enrichment typically causes large increases in abundance of polhition tolerant taxd.' High fldm, increases in
tine sediment, ol the presence of toxic substances normally cause a decrease in invertebrate abunlance. Invertebrab
ab_undance is plesented as lhe number of individuals per square meter for quantiiative samples and the number of individuals
collected in each sample for qualitative samples.

EIT 
- A suqt4gry of the taxonomic richness and abundance within the insect orders Ephemeroplera, Plocoptera, and

Trichoptera (EPT). These orders are commonly considered sensitive to pollution (Kan and chi 1998). 
'

Percent contdbution of the domlnant famlly or taxon - An assemblage largety dominated (>5O%) by a singlo taxon or
several.taxa from lhe same family suggesG environmental stress. Habitai cond-itions likely limitihe numtier of taxa that can
occur at the site.

Shannon-dtueEity Index - Ecological diversity is a measure of community slructur defined by the relationship bet$/een lhe
number of distinct taxa and their relative abundances. The shannon diversity index was calculaied for each sampting tocation
for which there were a sufiicient number of individuals and taxa collected to oerform the calculations. The calculations were
made following Ludwig and Reynolds (1908, equation 9.9, page 92).

Evonness - Evenness is a measure of ths distribution of tiaxa within a community. The evenness index used in this report was
calculated following Lud$g and Reynolds (1988, equation 8.15, page 94). Vdtue ranges tom O-'t and approach zero as a
single taxa becomes more dominant.

C-.linger taxa - The number of clinger taxa have been found by Karr and Chu (199S) to respond negativety to human
disturbance. Clinger taxa were determined using information in M;nitt et al. (2008).'The;e taxa ti/picatty dting td the tops of
rocl(s and are lhought to be reduced by sedimentiation or abundant algal growths.

Long-live taxa - The number ot long-lived taxa was calculated the number of taxa cotlected that typically have 2-3 year lifa
cy-cles' Pisturbances and water quality and habitat impairment typically reduces the number of tong-tived taxa Kan ind Chu
(1998). Life-cycle length determinations werc based on informati6; in Uierritt et at. (2OOA).

Blotlc IndicG - Biotic indices use the indicator taxa concept. Taxa are assigned water quality blerance values based on lheir
toleranca to pollution. Scores are typically weighted by taxa relative abunaance. In the U;ited States the mosl commonly
used biolic index is the Hilsenhofi Biotic Index (Hitsenhofi 1987, Hitsenhoff igBB). TheusFsand BLM



V throughout the western United States have also frequently used the USFS Community Tolerance Quotient.

Hlbsnhoff blotlc index - The Hilsenhoff Biotic Index (HBl) summarizes the overall pollution tolerances of lhe taxa coltected.
This index has been used to detest nutrient enrichment, higi sediment loads, low disaoMed orygen, and thermal impacts. lt is
best at.detecling organic pollution. Families were assigned an index valuo trom o- taxa noiniatty found only in liigh quality
unpolluted water, to 10- taxa found only in severely polluted waters. Famity l6vet values were iaken from fiilsenn6f 1isel,1988) and a Jamily tevel HBI was calculated for eaih sampling localion for w'hich there were a suficient number of individuals
and taxa collecled to perform the calculations. Sampling locations wilh HBI values ol o-2 ate considered clean, 2-4 stighfly
enriched, 4-7 enriched, and 7-10 polluted. Rather than using mean HBI values for a sample, laxon HBI values can also be
used to determine the number of pollution intolerant and tolerant taxa occurring at a site- tn ihis report, taxa with HBI values :lwere considered intolerant clean water taxa and taxa with HBI values :9 were considered pollution tolerant taxa. The number
oftolerant and intolerant taxa and lhe abundances oftolerant and intole-rant laxa were calculated for each sampling location.

USFS community tolerant quotlent - Taxa are assigned a tolerant quotient (TQ) from 2 - taxa found only in high qualiv
unpolluted water, lo 108 - taxa found in severely pollutad waters. TQ vilues weie d'eveloped by Wnget and tritangum liozsi.The dominanco weighted community tolerance quotient (CTQd) was calcutated. Values can vary trom about 20 to ioo, in
generalthe lorver the value the botter lhe water quality.

Functlonal faeding gnoup measurcs - A common classifcation scfieme for aquatic macroinvertsbrates is to categorize ftem
by feeding acquisition rrlochanisms. Categories are based on food particle size and food location, e.g., suspended in the water
column,.-.deposited in sediments, teaf litter, or live prey. This clasiification system reflects the m46r souice of the resource,
eitherwithin the stream ibelf or from dparian or uplindareas and lhe primary iocation, either erosional or depositional habitats.
The number of taxa and individuals of the following feeding groups were ;abulat€d for each sampling location. Functional
ieeding group designations were from Menitt et al. (rOOg). 

- -

sht€dde]r - Shredders use bolh living vascular hydroptrytes and decomposing vascular plant tissue - coarse particulate
organic matter. Shredders are sensitive !o changes in ripatian vegetation. Snredders can be good indicators of loxicanls that
adhere to organic matter.

Scrape.s - Scrapers feed on periphyton - attached algae and associated material. Scraper populations increase with
increasing abundance of diatoms and can decrease as filarnentous algae, mosses, and vascular piants inoease, ofien in
response to increases in nitrogen and phosphorus. Scrapers decrease in relative abundance in response to sedimentation and
higher lovels of organic pollulion or nuttient enrichmenl.

Collector'fllterctl' - Collec{or-filterers feed on suspended fne particutate oryanic mater. Coltector-filterers are sensitive to
toxicants in the urater column and to pollutants that idhere to org'anic matter.

Collecto.r€athercllB - Collector{atherers feed on deposited fine particulate organic matter. Colleclor{athereIs are sensitive
to deposited toxicants.

PrcdatoE - Predators feed on living animal tissue. Predators typically make up about 25% of the assemblage in stream
environmenis and 50% of lhe assemblage in still-waler environmenls.

Unknown feedlng group - This category includes taxa that are highly variabte, parasites, and those that for vrhich the primary
feeding mode is currently unknown.



Results
Abundance data and taxa richness are reported as the estimated number of individuals per square meter for quantitiative
samples and the number per sample for quatitative samples. NC = Not catculated. . = unable to calcutate. EPT = totats for the
insect orders, Ephemeroptera, Plecoptera, Trichoptera. eL = qualitative sample.

mpling inant
abundance dominant family

141394
141395
141396

09/16/2009 cRANDUP-01
09/16/2009 cRANDMD-02
09/16/2009 cRANDLWR-o3

794
592
590

2 1 7
133
194

Psychodidae
Chironomidae
Baetidae

25.18
36.32
25.94

Mean 658.7 1 8 1 . 3 29.14



OR
Diversity indices

Sampling
Date

Station Total
family

richness

EPT
taxa

richness

Total Total
taxa genera

richness richness

Shannon Evenness
diversity

index
141394
141395
141396

09/16/2009 CRANDUP-01
09/16/2009 CRANDMD-02
09t16t2009 cRANDLWR-o3

1 6
1 1
1 0

23
20
1 7

40 22
32 20
28 12

2.780
2.540
2.500

0.750
0.730
0.750

33.3 1 8 . 0 20.0 12.3 2.610 0.750

Genera richness by major taxonomic group.
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14't394 09/16/2009 CRANDUP-01

141395 09/16/2009 CMNDMD-o2

141396 09/16/2009 CRANDLWR-o
3

2

1 3

I

549

297

329

95

41

155

0

0

0

0

0

0

0

0

0

2

6

22

58

34

6

65

58

32

0

0

0

2

1 1 6

37

32.7391 .78.0 97.O 0.0 0.0 0.0 0.0 51.7

Biotic Indices
Sample Sampling

date
Hilsenhoff Biotic lndex USFS

Community
CTQdIndex

141394 09/16/2009 CRANDUP-01 5.2S
141395 09/16/2009 CRANDMD-o2 3.56

Some organic pollution
Possible slight organic pollution

71
78
79141396 09/16/2009 CRANDLWR-O3 3.82 Possible slisht orsanic pollution

76.04.22



- Taxa richness and relative abundance values wilh r€speci to tolerance or intoteranco to po ution were based on th6
Hilsenhofi Biotic Index (HBl). Intolerant taxa have HBi score <= 1. Tolerant taxa have a HBI score >= 9. Data are
presented as estimated count per square meter for quanlitative samples and total number per sample for qualitative
samples.

Sampling
date

lerant taxa
Abundance

Tolerant Taxa
Abundance

141394
141395
141396

Station

09/16/2009 CRANDUP-01
09/16/2009 CRANDMD-02
09/16/2009 CRANDLWR-0

Richness

1 1
8
5

(28)
(25)
(18)

136
75
34

(17)
(13)
(6)

(3)
(3)
(4)

200
4
2

(25\
( 1 )
(0)

Richness

1
1
1

8.0 81.7 1 68.7

Functional feeding groups
Taxa richness by funclional feeding group. The percent of the total is shown in parentheses.

Sa
dalte fltsrers gathereB

1 .

141394 09/1612009

141395 09/16/2009

141396 09/16/2009

CRANDUP-01

CRANDMD-02

CRANDLWR.O

7 (18)

6 (1e)

3  ( 1 1 )

1 (3)

1 (3)

0 (0)

5 (13) 11 (28) 14

2 (6) 8 (25) 14

4 (14) 7 (25) 10

(35)

(44',)

(36)

1 (3)

1 (3)

4 (14)

(7)(38)(26)8.7( 1  1 )3.7(2)0.7(16)5.3 12.7

V Invertebrate abundance by functional feed group. The percent of the total is shown in parentheses.

date fl€rers gath€ws

141394 09/16/200e CRANDUP-01 125 (16) 6
141395 09/16/2009 CRANDMD-o2 32 (5) 2
141396 09/1612009 CRANDLWR-o 19 (3) O

( 1 )

(0)

(0)

26
131
62

(3)
(22)
(1  1)

489

276

385

(62)
(47)
(65)

144 (18) 2 (o)

14O (24) 11 (2',)

108 (18) 15 (3)

58.7 (8) 2.7 (0) 73.0 (12) 383.3 (58) 130.7 (20)

The 10 melrics thought to be most responsive to human inducod disturbance (Karr and Chu 1998).

Date taxa rootora taxa lar€ lived tar€ tar€ toleranl conlribution oredators
indi- dominant

viduals taxon

(2)

141394 09/16/2009 CRANDUP-o1

141395 09t16i2009 CRANDMD-o2

141396 09/16/2009 CRANDLWR-o3

40

32

28

2 3 4 2 1 1  I

1 4 3 3 8 6

1 1 0 1 5 5

25.18

0.68

0.s4

25 .18  18 .13

31.25 23.65

24.07 18.31

33.3 2.7 8 .02.02.3 6.7 8.73 26.83 20.03



Taxonomic list and counts for 3 samples collected on September 16, 2009. Count is the total number of individuals
identified and retained. Samples heading refers to the number of sampfes contain that taxon.

Order Family Subfami lylGenu s/Species Samples Count

Phylum: Annelida
Class: Clitellata

Phylum: Arthropoda
Class: Arachnida

Trombidiformes
Trombidiformes
Trombidiformes

Class: lnsecta
Coleoptera
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera

SubClass: Oligochaeta

SubClass:Acari

Hydryphantidae

Lebertiidae

Sperchonidae

SubClass: Pterygota
Dryopidae

Elmidae

Elmidae

Ceratopogonidae

Ceratopogonidae

Chironomidae

Chironomidae

Chironomidae

Empididae

Empididae

Muscidae

Psychodidae

Simuliidae

Simuliidae

Simuliidae

Stratiomyidae

Stratiomyidae

Tabanidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Baetidae

Baetidae

Ephemerellidae

Ephemerellidae

Heptageniidae

Leptophlebiidae

Capniidae

Chloroperlidae

Nemouridae

Nemouridae

Protzia

Lebertia

Sperchon

Postelichus

Narpus concolor

Optioservus

Ceratopogoninae Sphaeromiini Probezzia

Chironominae

Orthocladiinae

Hemerodromiinae Hemerodromiini Chelifera

Pericoma

Simuliinae Simuliini Simulium

Simuliinae Simuliini Simulium arcticum group

Simuliinae Simuliini Simulium tuberosum

Caloparyphus

Euparyphus

Dicranota

Hexatoma

Limoniinae Antocha monticola

Limoniinae Eriopterini Ormosia

Limoniinae Hexatomini Limnophila

Pedicia

Tipulinae Tipula

Baetis

Drunella grandis

Capniinae

Amphinemurinae Amphinemura

1 4

1

1 3

7

1

9

1

1

1

1 6

1 9

1 4

201

4

26

I

96

1 7

1

2

2

4
.t
I

2

1 7

7

42

1 7

1 1

1

35

1

5

112

3

6

3

5

5

1

6

1



Plecoptera

Plecoptera

Plecoptera

Plecoptera

Plecoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Trichoptera

Phylum: Mollusca

Class: BivalMa

Veneroida

Phylum: Nemata

Class:

Nemouridae

Nemouridae

Perlodidae

Perlodidae

Perlodidae

Brachycentridae

Hydropsychidae

Hydropsychidae

Limnephilidae

Limnephilidae

Rhyacophilidae

Rhyacophilidae

Zapada cinctipes

Zapada o regonensis group

lsoperlinae lsoperla

Megarcys signata

Arctopsychinae Parapsyche

Limnephilinae Limnephilini Hesperophylax

Rhyacophila

Rhyacophila vofixa group

2

2

3

2

1

1

1

1

2

2

1

2

2

3

1

7

1 8

22

7

5

1

1

1

8

7

1

7

20

72

,|

SubClass: Heterodonta
Pisidiidae pisidiinae pisidium

SubClass:

Total: OTU Taxa : 57 Genera : 33 Famil ies:  28 lndividuals : 918
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Taxa Lists for
lndividual Samples



Taxonomic list and densities of aquatic invertebrates identified and retained from a sample collected September 16,
2009 at station CRANDUP-01, Crandall Creek, Upstream, Emery county, Utah. The sample was collected from
multiple habitat using a surber net. The total area sampled was b.+6S square meters. The percentage of the sample
that was identified and retained was lo}o/o of the collected sample. A total of 369 individuals were re-moved, identified
and retained. The sample identification number is 141394. OTu=operationaltaxonomic unit. Notes - identification to
genus or species was not spported because: | - immature organisms, D- damaged organisms, M - poor slide mount, G
- gender, U - indistint characters or distribution, R - retained in our reference collection.

Order Family S ubfamily/Genus/Species Life Stage Density Notes
Phylum:

Class:

Annelida

Clitellata

Phylum: Arthropoda
Class: Arachnida

Trombidiformes
Trombidiformes

Class: Insecta
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera

Diptera
Diptera
Diptera
Diptera

Diptera

Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera

Phylum: Mollusca
Class: BivalMa

SubCtass: Otigochaeta

SubClass:Acari
Lebertiidae Lebertia
Sperchonidae Sperchon

SubClass: Pterygota
Dryopidae

Ceratopogonidae

Chironomidae

Chironomidae

Chironomidae

Empididae

Empididae

Muscidae

Psychodidae

Simuliidae

Simuliidae

Simuliidae

Stratiomyidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Baetidae

Ephemerellidae

Ephemerellidae

Heptageniidae

Leptophlebiidae

Capniidae

Nemouridae

Nemouridae

Nemouridae

Perlodidae

Perlodidae

Hydropsychidae

Limnephilidae

Limnephilidae

Rhyacophilidae

Rhyacophilidae

Postelichus

Ceratopogoninae Sphaeromiini Probezzia

Chironominae

Orthocladiinae

Hemerodromiinae Hemerodromiini Chelifera

Pericoma

Simuliinae Simuliini Simulium
Simuliinae Simuliini Simulium arcticum group

Simuliinae Simuliini Simulium tuberosum
group
Euparyphus

Dicranota

Limoniinae Antocha monticola
Limoniinae Eriopterini Ormosia
Limoniinae Hexatomini Limnophila
Pedicia

Tipulinae Tipula

Baetis

Drunella grandis

Capniinae

Zapada cinctipes

Zapada oregonensis g roup

Megarcys signata
Arctopsychinae Parapsyche

Limnephilinae Limnephilini Hesperophylax
Rhyacophila

Rhyacophila vofixa group

adult

adult

adult

adult

larvae
pupae

larvae

larvae
pupae

laruae

larvae

larvae

larvae
pupae

pupae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae
pupae

larvae

larvae

larvae

2 . 1 5

10.76

8.61

2 . 1 5

12 .92

19.37

10.76

137.78

2 . 1 5

6.46

6.46

200.2'l

15.O7

2 . 1 5

4.31

4 .31

2 . 1 5

2 . 1 5

36.60

23.68

2 . 1 5

60.28

58.12

6.46

12 .92

6.46

10.76

4.31

12.92

2 .15

30.14

4.31

10.76

2 . 1 5

6.46

2 . 1 5

10.76

30.14

D

D

I

D

D, l

SubGlass: Heterodonta



Veneroida
Phylum: Nemata

Class:

Pisidiidae Pisidiinae Pisidium adult

adult

2 . 1 5

2 . 1 5

Total: OTU Taxa : 40 Genera : 26 Families : 23 794.36



V Taxonomic list and densities of aquatic invertebrates identified and retained from a sample collected Seotember 16.
2009 at station CRANDMD-02, Crandall Creek, Middle, Emery county, Utah. The samile was collec'ted from muttiple
habitat using a surber net. The total area sampled was 0.465 square meters. The percentage of the sample that was
identified and retained was 100% of the collecled sample. A total of 27S individuats were removed. identified and
retained. The sampls identification number is 141395: OTU=oDeratjonal taxonomic unit. Notes - idenfification to
genus or species was not spported because: | - immature organisms, D- damaged organisms, M - poor slide mount, G- gender, U - indistint characters or distribution, R - retained in our reference collection.

Order Family S ubfami ly/Genus/Species Life Stage Density Notes
Phylum:

Class:
Annelida

Clitellata

Phylum: Arthropoda
Class: Arachnida

Trombidiformes
Trombidiformes
Trombidiformes

Class: Insecta
Coleoptera
Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera

Diptera
Diptera
Diptera
Diptera
Diptera
Diplera
Diptera
Ephemeroptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Trichoptera
Trichoptera
Trichoptera
Trichoptera

Phylum: Mollusca
Class: BivalMa

Veneroida

Hydryphantidae

Lebertiidae

Sperchonidae

Pisidiidae

Elmidae

Elmidae

Ceratopogonidae

Ceratopogonidae

Chironomidae

Chironomidae

Chironomidae

Empididae

Empididae

Muscidae

Psychodidae

Stratiomyidae

Stratiomyidae

Tipulidae

Tipulidae

Tipulidae

Baetidae

Capniidae

Nemouridae

Nemouridae

Nemouridae

Perlodidae

Perlodidae

Hydropsychidae

Limnephilidae

Rhyacophilidae

Rhyacophilidae

SubClass: Oligochaeta

SubClass:Acari

Protzia

Lebertia

Sperchon
SubClass: Pterygota

SubClass: Heterodonta

Pisidiinae pisidium

Narpus concolor

Optioservus

Ceratopogoninae Sphaeromi in i Probezzia

Chironominae

Orthocladiinae

Hemerodromiinae Hemerodromiini Chelifera

Pericoma

Caloparyphus

Euparyphus

Dicranota

Hexatoma

Tipulinae Tipula
Baetis

Capniinae

Amphinemurinae Amphinemurcl
Zapada cinctipes
Zapada oregonensis group

lsoperlinae lsoperla
Arctopsychinae Parapsyche

Rhyacophila

Rhyacophila vofixa group

pupae
larvae

larvae

adult

adult

adult

larvae

larvae

larvae

larvae

pupae

larvae

larvae

6.46

2 . 1 5

17.22

6.46

10.76

2 . 1 5

2 . 1 5

19.37

14.76

19.37

185.14

2 .15

21.53

10.76

4.31

4.31

4 .31

6.46

2 . 1 5

4.31

40.90

2 . 1 5

2 . 1 5

12.92

8.61

19.37

12.92

15.07

2 . 1 5

4.31

12.92

116.25

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

larvae

lawae

larvae

larvae

larvae

larvae

larvae

larvae

adult

Totaf: OTU Taxa : 32 Genera:  22 Families : 20 592.00



Taxonomic list and densities of aquatic invertebrates identified and retained from a sampte collected September 16,
2009 at station CRANDLWR-03, Crandall Creek, Lower, Emery county, Utah. The sample was collected from
multiple habitat using a surber net. The total area sampled wa-s O.+OS square meters. The percentage of the sample
that was identified and retained was 1O0o/o of the collected sample. A total of 274 individuals were removed, identified
and retained. The sample identification number is 141396. OTu=operationaltaxonomic unit. Notes - iden1fication to
genus or species was not spported because: | - immature organisms, D- damaged organisms, M - poor slide mount, G
- gender, U - indistint characters or distribution, R - retained in our reference coilection.

Order Family Subfami ly/Gen us/Species Life Stage Density Notes
Phylum:

Class:
Annelida

Clitellata

Phylum: Arthropoda
Class: Insecta

Coleoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera

Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Ephemeroptera
Ephemeroptera
Plecoptera
Plecoptera
Plecoptera
Plecoptera
Trichopter:a
Trichoptera
Trichoptera

Phylum: Mollusca
Class: Bivalvia

Veneroida

Elmidae

Ceratopogonidae

Chironomidae

Chironomidae

Empididae

Empididae

Muscidae

Psychodidae

Simuliidae

Tabanidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Tipulidae

Baetidae

Baetidae

Capniidae

Chloroperlidae

Perlodidae

Perlodidae

Brachycentridae

Hydropsychidae

SubClass: Oligochaeta

SubClass: Pterygota

SubClass: Heterodonta
Pisidiinae Pisidium

Narpus concolor

Ceratopogoninae Sphaeromiini Probezzia

Orthocladiinae

Hemerodromiinae Hemerodromiini Chelifera

Pericoma

Simuliinae Simuliini Simulium

Dicranota

Hexatoma

Limoniinae Antocha monticola
Tipulinae Tipula

Baetis

Capniinae

lsoperlinae lsoperla

adult

larvae

larvae

larvae
pupae

larvae

larvae

lanrae

lawae

larvae
pupae

larvae

larvae

larvae

larvae

larvae

larvae

adult

larvae

larvae

larvae

larvae

larvae

larvae
pupae

larvae

larvae

adult

21.53

8.61

2 . 1 5

2 .15

10.76

109.79

2 .15

27.99

2 . 1 5

2 . 1 5

10.76

2 . 1 5

4.31

27.99

12.92

88.26

10.76

2 .15

10.76

142.O8

4.31

2 . 1 5

23.68

2 . 1 5

2 . 1 5

2 .15

2 .15

36.60

approximate

U
I ,D

I

D

I

I , D

D

I

D

Pisidiidae

Total: OTU Taxa : 28 G e n e r a :  1 2 Families : 17 589.85



o

APPENDIX 2
MACRO INVERTE B RATE METRICS

o

o



Notes:

1 .

2 .

3 .

Most metrics were calculated by the National Aquatic Monitoring Center's Buglab and included
in their October 16, 2009 report on the September 16 Crandall Creek samples. Remaining
metrics were calculated by JBR Environmental Consultants using data contained in the Buglab's
report.

Sampfes designated on the graphs as !,2, and 3 represent sample sites CRANDUP-01.,
CRANDM D-Oz, and CRAN DLWR-03, respectively.

Graphs shown with blue bars represent metrics for which a decrease would be expected to
occur with a decline in stream health. Graphs shown with green bars represent metrics for
which an increase would be expected to occur with a decline in stream health.
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